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Abstract A novel amperometric hydrogen peroxide sensor 
was proposed by co-immobilizing new methylene blue 
(NMB) and Horseradish peroxidase (HRP) on glassy carbon 
electrode through covalent binding. The electrochemical 
behavior of the sensor was studied extensively in 0.1  mol/L 
phosphate buffering solution (pH = 7.0). The experiments 
showed NMB could effectively transfer electrons between 
hydrogen peroxide and glassy carbon electrode. The electron 
transfer coefficient and apparent reaction rate constant were 
determined to be 0.861 and 1.27  s−1. The kinetic characteris-
tics and responses of sensor on H2O2 were investigated. The 
Michaelis constant is 8.27  mol/L and the linear dependence 
of current on H2O2 is in the range of 2.5−100  µmol/L. At the 
same time, the effects of solution pH, buffer capacity, and 
temperature on the sensor were examined.

Keywords new methylene blue, biosensor, covalently 
bonding, hydrogen peroxide

1 Introduction

The determination of hydrogen peroxide and its practical 
application is an important study, especially in some fields 
such as environmental monitoring, biomedical engineering, 
clinical examination, and food. Many methods have been 
adopted for the detection of hydrogen peroxide, and using 
conventional electrode has been a feasible way to carry out 
the direct electrochemical detection of H2O2. However, it 
induced many disturbing substances for its high overpotential 
[1]. The direct detection, by catalyzing reduction of H2O2, 
could be taken through immobilizing peroxidases on the 
electrode. However, its application is limited for its low 
sensitivity [2]. Recently, many electron mediators have been 
employed to enhance the electron transfer between the active 
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center of the enzyme and the electrode surface. Many 
researches on this have focused on the choice of mediator and 
the immobilization of both the enzyme and the mediator. The 
mediators include ferrocene and its derivatives [3,4], poly-
mers [5] and redox dye [6]. And covalent binding [7,8], 
adsorption [9], ion exchange method [10] and self-assembled 
membrane [11] are the conventional immobilization 
methods. 

New methylene blue is a substance with a conjugated com-
planate structure that possesses excellent electrochemical 
activity and is a good electron transfer mediator. In this paper, 
a novel amperometric hydrogen peroxide sensor was prepared 
by co-immobilizing new methylene blue (NMB) and Horse-
radish peroxidase (HRP) on a glassy carbon electrode through 
covalent binding, and the kinetic characteristics have been 
researched. The experimental tests indicate that the sensor 
provides some advantages including simple operation, quick 
response, high sensitivity, good stability and reproducibility.

2 Experimental

2.1 Instruments and reagents

M273 potentiostat/galvanostat (EG&G PARC, USA) and 
constant temperature instrument (Shanghai Laboratory Instru-
ment General Works) were employed. The three-electrodes 
system included glassy carbon electrode (GCE) as working 
electrode, saturated calomel electrode (SCE, all the potential 
in this paper versus SCE) as reference and platinum wire as 
auxiliary electrode. Phosphate buffer solution (PBS) (KH2PO4-
Na2HPO4), glutaraldehyde (Beijing Chemical Reagents 
Company), new methylene blue (Aldrich Company), horse-
radish peroxidase (Beijing Dingguo Biotech. Co. Ltd), and 
H2O2 (30%, Beijing Beihua Fine Chemical Sco., LTD.) were 
purchased. The water used in the experiment was double 
distilled.

2.2 Pretreatment of GCE

The GCE (3-mm diameter) was polished to a mirror finish 
using 0.05  µm alumina slurry followed by thoroughly rinsing 
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with double distilled water. After ultrasonicating successively 
in 7  mol/L NaOH+30% H2O2, acetone and double distilled 
water for 10  min, the electrode was pretreated electrochemi-
cally by applying a potential of +1.75  V in 0.1  mol/L pH  5.0 
PBS for 300  s and scanned between +0.3 and +1.3  V until 
a steady-state current-voltage curve was observed [10]. Then 
a blue film was formed on the surface.

2.3 Preparation of NMB/HRP/GCE modified electrode 

The pretreated electrode was then soaked in 5% glutaralde-
hyde for 12  h to form a glutaraldehyde-modified GCE. After 
the modified GCE was thoroughly rinsed with double 
distilled water to remove physically adsorbed glutaraldehyde, 
it was immersed in a mixture of 30  µL of 5  mmol/L HRP 
solution and 30  µL of 0.2  mmol/L NMB solution for 5  h. 
Then, a NMB/HRP-modified hydrogen peroxide sensor was 
prepared, and the sensor was rinsed thoroughly with double 
distilled water and kept on the surface (in the top part) of 
(0.1  M, pH = 7.0) PBS at 4°C prior to the electrochemical 
experiments. The procedure is shown in Fig.  1.

reaction behavior of NMB in solution (the anodic and cathodic 
peak potentials of NMB are −0.217  V and −0.246  V and 
DEp = 29  mV in solution, so the potentials shifted to the 
negative potentials). The results implied that NMB was bound 
with the glutaraldehyde on the surface of the electrode.

Fig.  1 Procedure for the preparation of the biosensor oxidation 
pretreatment

3 Results and discussion

3.1 Electrochemical behavior of NMB/HRP/GCE-modified 
electrode

Figure  2 shows the cyclic voltammograms of different 
modified electrodes in 0.1  M (pH = 7.0) PBS at scan rate, v, 
of 50  mV/s. No peaks were observed with bare and pretreated 
GCEs during −0.1–0.6  V (curves a and b). However, the 
background current of the pretreated GCE rose for the forma-
tion of ―OH and ―COOH groups on the GCE surface [12]. 
The glutaraldehyde-modified electrode had no peaks in the 
same PBS (Fig.  2(c)), which indicated that the glutaraldehyde 
reacted with those ―OH on the surface [13] and prevented 
the electron transfer. After NMB and HRP immobilized on the 
glutaraldehyde-modified electrode, the modified electrode 
gave a reversible redox peaks at −0.300 and −0.326  V 
(Fig.  2(d)), and the dispersion of the anodic and cathodic peak 
potentials DEp = 26  mV, which belongs to the two-electron 

Fig.  2 Cyclic voltammograms of (a) unpretreated GCE; (b) elec-
trochemical pretreated GCE; (c) glutaraldehyde modified GCE; (d) 
NMB/HRP/GCE sensor in 0.1  mol/L PBS (pH = 7.0) at 50  mV/s

Fig.  3 Cyclic voltammograms of sensor in 0.1  mol · L−1 PBS 
(pH = 7.0) at different scan rates ( from inner  curve to outer one: 
10, 20, 30, 40, 50, 60, 70, 80  mV/s) inset: plot of peak current 
versus scan rate

Figure  3 shows the cyclic voltammograms of the sensor in 
0.1  M PBS (pH = 7.0) at different scan rates. At low scan rate 
(10−120  mV/s), the ratio of the peak current was about one 
(ipa /ipc ≈ 1) and the peak potential values did not change with 
the different scan rates, indicating better reversibility. In addi-
tion, a plot of cathodic peak current νersus the scan rate was 
linear (Fig.  3 inset) and the correlation coefficient (R) was 
0.999, which indicated that the reaction was a surface-
controlled electrode process. When the potential scan rate 
was higher than 300  mV/s, DEp increased dramatically and 
was not reversible. When DEp>100  mV, it was proportional 
to logv (Fig.  4) and in accordance with the Laviron equation 
[14].

Log Ks = alog(1-a)+(1-a) loga-log (RT/nFv)
-a(1-a)nFDEp/2.3  RT
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where a is electron transfer coefficient, Ks is the apparent 
electron-transfer rate constant, n is the number of electrons 
involved in an electrode. Figure  4 shows that in the equation 
DEp = 0.254  2+0.243  3logvV (R = 0.997  4), the apparent 
electron-transfer rate constant of 1.27  s−1  and the electron 
transfer coefficient (a) of 0.861 were obtained. The charge 
Q = 74.56  C from the area of the peak of cyclic voltammo-
grams was obtained. Then the surface coverage (C) of NMB 
was calculated to be 5.46x10−9  mol/cm2, which was in 
accordance with the equation: C = Q/nFA.

3.2 Response mechanism and the detection of dynamics 
parameter of the NMB/HRP/GCE to H2O2

3.2.1 Response mechanism of the sensor to H2O2

Horseradish peroxidase can catalyze the reduction of H2O2. 
However, because the interaction between the enzymatic 
active center and the electrode surface is slow, a mediator to 
enhance the transfer of electrons is needed [15]. NMB can 
increase the transfer of electron due to its conjugated compla-
nate structure so that it can catalyze the reduction of H2O2. 

Figure  5 shows the cyclic voltammetric behavior of the sensor 
in 0.1  M PBS (pH = 7.0). Upon the addition of H2O2 to 
the solution, the reduction peak current increased and the 
oxidation peak current of the sensor decreased. However, no 
changes were found at the same solution when the HRP was 
not immobilized on the surface of the electrode (Fig.  5, inset). 
This indicated that the HRP on the electrode surface could 
exhibit excellent catalytic activity in H2O2. The mechanism 
for the whole electrode process could be expressed in the fol-
lowing equation
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3.2.2 Response of the sensor to H2O2 

Figure  6 shows that the reduction peak current increased with 
the increases in the concentration of H2O2. It is the typical 
curve of enzymatic catalytic dynamics which is the first order 
of reaction at the lower concentration of the substrate while 
it exhibited the second order of reaction at the higher con-
centration. When the concentration of H2O2 was less than 
100  µmol/L, the response current exhibited excellent linearity 
with the concentration of the substrate. The equation of lin-
earity is: Ip = 0.048  79c+22.51 (R = 0.996  3) and the linear 
range was 2.5−100  µmol/L. The lower detection limit was 
2.07  µmol/L from the ten times detection value of the blank 
solution. And the response time is less than 20  s.

Fig.  4 Dependence of DEp on scan rate
Fig.  5 Cyclic voltammograms responses of sensor in (a) PBS 
(pH = 7.0); (b) (a)+0.15  mmol/L H2O2; (c) (a)+2  mmol/L H2O2; 

Inset: Cyclic voltammograms responses of NMB/ GCE in (a) PBS 
(pH = 7.0); (b) (a)+0.15  mmol/L H2O2; (c) (a)+2  mmol/L H2O2 
(scan rate: 50  mV/s)

Fig.  6 The relationship between the peak current and the H2O2 
concentration (0.1  mol/L PBS with pH = 7.0, at 20°C. Inset shows 
the determination of the apparent Michaelis-Menten constant: Km)

3.2.3 The dynamics parameter of the sensor

The sensor response to H2O2 exhibited the characteristics 
of the enzymatic catalytic wave, and the apparent 
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Michaelis-Menten constant Km indicated the affinity between 
enzyme and substrate. According to the Michaelis-Menten 
equation

1/iss = (Km/imax)x(1/C)+1/imax

where iss is the steady-state catalytic current, imax represents 
the maximum current, C is referred to the H2O2 concentration, 
we could obtain the Lineweave-Burk figure when the 1/iss 
as y-axis and 1/C as x-axis (Fig.  6, inset). The linear equation 
is 1/iss = 0.034  2+0.283 (1/C), and then imax = 29.24  µA, 
Km = 8.27  µmol/L.

3.3 Factors of effects on the sensor

3.3.1 Effect of pH

The pH dependence of the sensor in PBS containing 
2  mmol/L H2O2 is illustrated in Fig.  7. The experimental 
results showed that the current response was higher in the 
range of pH  7.0−7.5. When pH>7.5, the current response 
became smaller. This was attributed to the higher activity of 
HRP in neutral or alkalescent solution. Furthermore, the dis-
persion of the anodic and cathodic peak potentials increased 
with increasing pH, which agrees with the fact that the redox 
reaction of NMB follows a mechanism of two-electrons and 
two-protons.

Fig.  7 Effect of pH on peak current in 2  mmol/L H2O2 and 
0.1  mol/L PBS at 100  mV/s

The experiment in PBS at various concentrations showed 
that the reversibility was best in 0.1  mol/L PBS. Therefore, 
we selected 0.1  mol/L PBS (pH = 7.0) as the working 
solution in order to optimize the response of the sensor to 
H2O2.

3.3.2 Effect of temperature

The effect of temperature on the sensor had been examined 
between 15 and 50°C. The current response on H2O2 and sen-
sitivity increased with the increasing temperature in the same 
solution. However, further increase in the temperature led to 
a decrease in the response of the current because of the partial 

denaturation of the enzyme. For the purposes of convenience 
we chose the temperature 25°C as the detection temperature.

3.4 Reproducibility and stability of the sensor

The reproducibility of the current response of the sensor was 
examined at H2O2 concentration of 2  mmol/L, and the relative 
standard deviation was 3.86% (n = 10). It indicated that the 
sensor possessed good reproducibility. After those experi-
ments, the sensor was kept on the surface (in the top part) of 
PBS at 4°C in order to keep the activity of HRP. We used the 
sensor to detect H2O2 for two times every day, and the results 
showed that the activity only decreased about 1.04% after six 
days. This indicated that the sensor has good stability and it 
can be used repeatedly.

4 Conclusions

The H2O2 sensor based on new methylene blue as mediator 
possesses a variety of characteristics including high sensi-
tivity, good stability and multiple usage. The method can 
overcome the disadvantage of modified film, which is basi-
cally its instability. We hope that the method described here 
can be applicable in the preparation of a glucose biosensor 
or a cholesterin biosensor. Moreover, may it pave the way 
for the study of immunoassay through immobilized labeled 
antibody. 

References

 1. Moatti-Sirat D, Velho G. Evaluating in vitro and in vivo the inter-
ference of ascorbate and acetaminophen on glucose detection by a 
needle-type glucose sensor. Biosensors Bioelectronics, 1992, 7(5): 
345−352

 2. Sun D M, Cai C X, Li X G, Xing W, Lu T H. Direct electro-
chemistry and bioelectrocatalysis of horseradish peroxidase 
immobilized on active carbon. J Electroanal Chem, 2004, 566(2): 
415−421

 3. Li Y G, Zhang S X, Li X F, Sun C Q. Fabrication of chemically-
modified electrode containing poly(allylamine)ferrocene based on 
sol-gel technique and its electrocatalytic oxidation of ascorbic 
acid. Chem J Chin Univ, 2003, 24(8): 1373−1376 (in Chinese)

 4. Mu S L, Yang Y F, Tan Z A. The electrocatalytic oxidation of 
hydrogen peroxide on polyaniline doped with ferrocenesulfonic 
acid. Acta Phys Chim Sin, 2003, 19(7): 588−592 (in Chinese)

 5. Li Y, Yuan R, Chai Y Q, Li Q F, Tang D P, Dai J Y, Zhong Y. 
Glucose biosensor based on poly(methylene blue)and Au colloid 
modified glassy carbon electrode. Journal of Instrumental 
Analysis, 2005, 24(4): 24−27 (in Chinese)

 6. Sun K, Xiang Y F. Biosensors for hydrogen peroxide, glucose and 
lactose based on meldola blue incorporated into nafion film as 
mediator. Journal of Instrumental Analysis, 2003, 22(2): 43−47 (in 
Chinese)

 7. Rahman M A, Park D S, Shim Y B. A performance comparison 
of choline biosensors: Anodic or cathodic detections of H2O2 gen-
erated by enzyme immobilized on a conducting polymer. Biosens 
Bioelectron, 2004, 19: 1565−1571



330
 8. Gan N, Ge C X. A hydrogen peroxide biosensor based on co-

immobilization of thioethyl alcohol acid and cyshteine Cu 
complex by self-assemble technique. Chin J Anal Chem, 2006, 
34(4): 479−483 (in Chinese)

 9. Yang M H, Li C X, Yang Y H, Shen G L, Yu R Q. Hydrogen 
peroxide biosensor based on enzyme multilayers through electro-
static adsorption. Acta Chim Sinica, 2004, 62(5): 502−507 (in 
Chinese)

10. Jin G Y, Zhang Y Z, Yang Z S. Determination of Epinephrine in 
the Presence of Ascorbic Acid Using Poly (amidosulfonic red) 
Modified Glassy Carbon Electrode. Chin J Anal Chem, 2005, 
33(1): 83−86 (in Chinese)

11. Ferreyra N, Guerente L C, Labbe P. Construction of layer-by-layer 
self-assemblies of glucose oxidase and cationic polyelectrolyte 
onto glassy carbon electrodes and electrochemical study of the 

redox-mediated enzymatic activity. Electrochimica Acta, 2004, 
49: 477−484

12. Wang H S, Ju H X, Chen H Y. Voltammetric behavior and 
detection of DNA at electrochemically pretreated glassy carbon 
electrode. Electroanalysis, 2001, 13(13): 1105−1109

13. Dai Z, Yan F, Yu H, Hu X Y, Ju H X. Novel amperometric 
immunosensor for rapid separation-free immunoassay of 
carcinoembryonic antigen. J Immunological Methods, 2004, 287: 
13−20

14. Laviron E. General expression of the linear potential sweep 
voltammogram in the case of diffusionless electrochemical 
systems. J Electroanal Chem, 1979, 101: 19−28

15. Chi Q J, Dong S J. Direct electrochemistry of enzymes and 
third generation biosensors. Chin J Anal Chem, 1994, 22(10): 
1065−1072



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


