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Prussian blue (PB) and graphene oxide (GO) were synthesized and characterized by scanning electron 

microscopy (SEM) and Fourier transform infrared spectroscopy among others. The synthesized 

Prussian blue and graphene oxide were used in the modification of glass carbon electrodes for the 

chemical detection of hydrogen peroxide at pH 3, 5.12 and 7.4. Cyclic and square wave voltammetry 

of GC-PB and GC-GO-PB electrodes show significant cathodic and anodic detection of hydrogen 

peroxide predominantly at pH 5.12 and 7.4 indicating one electron transfer reaction at the electrode 

surface.  
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1. INTRODUCTION 

Graphene, a two-dimensional single layer of graphite and one-atom-thick sheet material with 

interesting physical properties [1-2] has been considered as the mother of all graphitic structure. 

Graphene’s unique structure, excellent electronic properties, thermal and chemical stability have 

shown great promise applications in the field of electronic nanodevices, energy-storage materials, 

transparent conducting electrodes, chemical and biological sensors [3-12]. These properties also make 

graphene a promising candidate for fundamental study of potential device applications such as field-

effect transistors, gas sensors and electrochemical resonators [5]. 

Graphene is an ideal material for electrochemistry [13] because of its very large 2D electrical 

conductivity, large surface area and low cost. In the recent past years, the electrochemical biosensor 
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based on nanomaterial, such as metal nanoparticles, carbon nanotubes; metal oxides have been 

reported [14-15]. To exercise and confirm the functionalities of graphene, much attention has been on 

the fabrication of graphene nanocomposites as is evidenced by the enhanced sensing platform for the 

construction of electrochemical sensor and biosensors synergy on the electrocatalytic activity hence 

advanced sensitivity of sensors. Prussian blue (PB) is an inorganic polycrystalline substance with well-

known electrochromic, photophysical, electrocatalytic and magnetic properties [16-18]. In 1978, Neff 

reported for the first time the successful deposition of Prussian blue on solid electrodes [19-20]. From 

thereon, enormous number of studies has used different methods for preparation of PB-modified 

electrodes which have been reported in the literature [20]. The electrochemical stability of Prussian 

blue film on electrode surfaces have been improved by using different electroactive materials. These 

materials include screen-printed electrode (SPEs) [21], ordered mesoporous carbon (OMC) [22], 

polyaniline (PANI), cetyltrimethylammonium bromide (CTAB) [23] and multi-walled carbon 

nanotubes (MWCNTs) [24]. In this study, we have synthesized and characterized both PB and GO. PB 

was then deposited on graphene oxide (GO) to increase the stability of the PB film and take advantage 

of the unique properties of both GO and PB in an attempt to enhance and greatly broaden the 

application of GO and PB in sensor electrochemistry. The ability of the electrodes to detect hydrogen 

peroxide in a low potential with different pH ranges in phosphate buffer solution were also studied.  

 

 

 

2. EXPERIMENTAL  

2.1. Reagents and apparatus  

Glassy carbon electrodes (GCE) were purchased from BAS Inc (Tokyo Jaban) natural flake 

graphite powder, concentrated Sulphuric acid (H2SO4), Potassium Permanganate (KMnO4), Hydrogen 

Peroxide (H2O2), Hydrochloric acid (HCl), N, N-dimethylformamide (DMF) , Sodium dihydrogen 

phosphate (NaH2PO4), disodium hydrogen phosphate (Na2HPO4), potassium hexacyanoferrate 

(K4[Fe(CN)6].3H2O, iron nitrate nonahydrate (Fe(NO3)3.9H2O and alumina oxide (Al2O3) were 

purchased from sigma-Aldrich. All chemicals were of analytical grate and used as received without 

further purification. All the solutions were prepared with deionized water.  

 

2.2. Electrochemical measurements 

Electrochemical measurements were performed using an autolab potentiostat (663 VA stand 

metrohm Swiss mode). A convectional three-electrode system was employed Ag/AgCl (3M KCl) as a 

reference electrode, platinum electrode as a counter electrode and glassy carbon electrode (GC) 

modified with graphene oxide (GO) and Prussian blue (PB) as working electrode for all experiments. 

A 0.1M phosphate buffer solution (PBS) with different pH solutions were used as an electrolyte 

solution.  
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2.3. Synthesis of Prussian blue and graphene oxide 

Prussian blue nanoparticles were synthesized as follows: An aqueous solution of 

Fe(NO3)3.9H2O was added to an aqueous solution of same equal molar mass of K4[Fe(CN) 6].3H2O. 

The reaction mixture was vigorously stirred for 10 min. Dark blue precipitate obtained were 

centrifuged, washed with distilled water three times and with methanol once , and then dried in an 

oven at 80
o
C to yield insoluble Prussian blue nanoparticles [25].  

Graphene oxide was prepared following the adopted Hummer’s method [26]. Summarily, 2 g 

of natural flake graphite powder was added to 46 ml of cold (0
o
C) concentrated sulphuric acid 

(H2SO4). Then 6 g of Potassium Permanganate KMnO4 was gradually added with continuous stirring 

in a cooling ice bath. The mixture was stirred at 35
o
C for 2 hours. 92 ml of distilled water was slowly 

added to the mixture and temperature was maintained below 100
o
C for 15 minutes. After that, 280 ml 

of Hydrogen Peroxide (H2O2) solution was added to the mixture. The product was finally filtered with 

500 ml of Hydrochloric acid (HCl) solution to remove metal ions then thoroughly washed with 

distilled water. Brownish pasty material of GO was obtained. 

 

2.4. Preparation of the modified electrodes 

The GCE surface (3 mm in diameter) was cleaned by gentle polishing in aqueous slurry of 

alumina nanopowder (Sigma-Aldrich) on a mesh paper. The electrode was then subjected to ultrasonic 

vibration in acetone to remove residual alumina particles that might have been trapped at the surface of 

the electrode, and then subjected to ultrasonic vibration in deionized water before drying. GC-GO was 

prepared using 50 mg of graphene oxide (GO) was dispersed in 5 ml of N,N-dimethylformamide 

(DMF)  to dissolve in the absence of  ultrasonic mixing for 5 min to form a homogeneous solution. 

About 20 μl drop of GO/DMF solution were dropped on the bare GC electrode and dried in an oven at 

50
o
C for 5 min. the modified electrode is herein denoted as GC-GO. PB film was prepared by 

sequential deposition method as described by Han et al [27]. The GC-Bare or GC-GO electrodes were 

first immersed in stirred Fe(NO3)3.9H2O solution for 30 min with stirring after which the electrodes 

were rinsed and dried and then immersed in K4[Fe(CN)6].3H2O solution and stirred for another 30 min, 

followed by a re-rinsing and a re-drying processes to complete the deposition cycle. The obtained 

electrodes were described as GC-PB and GC-GO-PB respectively.  

 

2.5. Characterization 

Synthesized graphene oxide, Reduced graphene oxide and Prussian blue were characterized by 

Atomic force microscopy (AFM), Fourier transform infrared (FT-IR), Attenuated total reflectance 

spectroscopy (ATR), and Field emission scanning electron microscope (FE-SEM). The surface 

measurements were recorded with a JEOL 7500F Field Emission scanning electron microscope (FE-

SEM). Attenuated Total Reflectance (ATR) Fourier Transform infrared (FT-IR) spectra were recorded 

on a Perkin Elmer Spectrum 100 spectrometer in the 4000-500 region. IR spectra were recorded using 

Perkin-Elmer Spectrum 400 FT-IR/FT-NIR spectrometer in the range 400 – 4000 cm
-1

.  



Int. J. Electrochem. Sci., Vol. 7, 2012 

  

5072 

3. RESULTS AND DISCUSSION  

 
 

 
 

Figure 1. Fourier transforms infrared (FTIR) and Attenuated total reflectance (ATF) Spectra of 

graphene oxide and reduced graphene oxide (a), Prussian blue nanoparticles (b) and Prussian 

blue with graphene oxide composite.  

 

Fourier Transform infrared (FTIR), attenuated total reflectance (ATR) spectrum of graphene 

oxide and reduced graphene oxide is presented in Figure. 1(a). The spectrum shows a peak of reduced 

graphene oxide representing O-H stretching vibrations observed at 3400 cm
-1

 which was significantly 
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reduced due to deoxygenation. The C=O at 1720 cm
-1

 in this spectrum is due to the mechanism of 

exfoliation mainly because of the expansion of CO2 evolved into the interstices between the graphene 

sheets during rapid heating, and the C-O stretching vibrations observed at 1060 cm
-1

 is due to the 

remaining carbonyl groups after the reduction process. The mechanism of exfoliation is mainly the 

peeling of graphitic structure to pave way for the entering of oxygen during oxidation process. The 

stretching vibrations at 1220 cm
-1

 and 1060 cm
-1

 on the graphene oxide spectra indicate the presence of 

C‒C skeletal vibrations of the graphite ring. The ATR spectra, figure 1(a), provide evidence that the 

oxygen-containing functional groups have been removed from graphene oxide. This further confirms 

the reduction of graphene oxide by chemical reduction method. Figure 1(b) is the FT-IR spectra of 

Prussian blue nanoparticles, which show several peaks, the strong peak at 2057cm
-1

 which is the 

characteristic absorption peak of PB is assigned to stretching vibration of C≡N group in potassium 

hexaferricyanide.  

 

 

 
Figure 2. 3D Atomic force microscopy (AFM) topography of (a) graphene oxide and (b) reduced 

graphene oxide.  
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The absorption bands near 3215 and 1602 cm
-1

 is assigned to the O‒H stretching mode and 

H‒O‒H bending mode respectively, which indicate the existence of interstitial forces of attraction in 

the sample. The FTIR spectra of the GO-PB composite, figure 1(c), show new absorptions bands 

formed due to the combination of GO-PB. The strong peak in the PB spectra observed at 2057cm
-1

 is 

reduced and shifted to 2099cm
-1

 which indicates the C≡N stretching absorption band in the Fe
2+

-CN-

Fe
3+

 of PB.  

 

 

 

 
 

Figure 3. Scanning electron microscopy (SEM) images of (a) graphene oxide (b) Reduced graphene 

oxide and (c) Prussian blue nanoparticles.  
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The level of exfoliation was evaluated by atomic force microscopy (AFM) as presented in 

Figure 2 (a & b). The AFM images show a three dimensional AFM topography of graphene oxide and 

reduced graphene respectively. The GO sheets are expected to be thicker due to the presence of 

covalently bonded oxygen and the displacement of sp
3
 hybridized carbon atoms slightly above and 

below the original graphene plane. The height difference between rows is 1 nm in GO and 1.2 nm in 

RGO indicating a single graphene oxide sheet due to intercalating of oxygen into the graphite gallery. 

The results reveal graphene oxide and reduced graphene oxide were obtained in the synthesis.  

The scanning electron micrograph (SEM) of the morphology of graphene oxide, reduced 

graphene oxide and Prussian blue nanoparticles are presented in figure 3 (a to c). According to 

literature reports [28-29], the chemical conversion of graphite oxide to graphene, produce holes and 

defects on the carbon grid. It is possible that these holes are a result of the removal of oxygen 

functional group during the reduction process. It is also possible that the nanocomposites can grow 

around these holes and defects and are inclined to insert into graphene sheets [30]. In addition, the 

rigid particles may also easily sink into the supported materials [31]. By visual inspection, it can be 

seen that the GO image looks lighter while the RGO image looks darker. This could be attributed to 

the fact that as the oxygen functional groups are removed during reduction process, the separated GO 

sheets during intercalation now stick together and result in a decrease in interlayer spacing of single 

sheets. This further confirms the reduction of GO into RGO. In figure 4 (c) scanning electron 

microscopy (SEM) was used to determine the particle size and distribution of the Prussian blue 

nanoparticles synthesized. The image show the PB as aggregates of nanoparticles of high dimension 

with no precise shape.  
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Figure 4. Cyclic voltammograms of GC-GO electrode (a )before and (b) after injection of 25μl H2O2 

in 0.1M PBS pH 7.4 (c) overlay of the cyclic voltamograms of (a) and (b).  

 

The electrochemical properties of GC-GO, GC-PB and GC-GO-PB electrodes were studied in 

0.1 M phosphate buffer solution at different pH values, using cyclic voltammetry recorded between -

250 to 500mV at scan rate of 100mV/s. The cyclic voltammograms of glassy carbon electrode 

modified graphene oxide (GC-GO) in the absence and presence of hydrogen peroxide in 0.1 M 

phosphate buffer solution at pH 7.4 is presented in figure 4 (a & b). The overlay of the electrode 

response in the absence and presence of hydrogen peroxide is presented in figure 4 (c). The overlay of 

the electrode response in the presence and absence of hydrogen peroxide show no response observed. 

This gives the indication that graphene oxide (GO) modified GC electrode does not detect hydrogen 

peroxide at the potential measured.  

Cyclic voltammograms of Prussian blue modified glassy carbon electrode (GC-PB) in the 

absence and presence of hydrogen peroxide in 0.1 M phosphate buffer solution at pH 3, pH 5.12 and 

pH 7.4 are presented in figure 5.  
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Figure 5. Cyclic voltammograms of GC-PB electrode (a) before and (b) after injection of 25μl H2O2 in 

0.1M PBS at different pH values. 

 

It is well known that Prussian blue has certain intrinsic peroxidase activity due to its close 

similarity with peroxidase, thus it can be engaged to catalyze the reduction of hydrogen peroxide [23]. 

The GC-PB electrode in the absence of hydrogen peroxide, figure 5 (a) does not show any 

electrochemical response at pH 5.12 and pH 7.4, while at pH 3 anodic and cathodic responses are 

observed. In the presence of hydrogen peroxide, figure 5 (b), anodic and cathodic responses are 

observed. The highest response is at pH 5.12 while the lowest response is observed at pH 7.4. The high 

response at pH 5.12 is due to the fact that at high pH, Prussian blue loses its stability. GC-PB electrode 

is observed to detect the presence of hydrogen peroxide at pH 5.12 and slightly at pH 7.4. At pH 3, in 

both voltammograms, a high response was observed indicating the GC-PB electrode at pH 3 did not 

react both in the presence or absence of hydrogen peroxide.  

The cyclic voltammograms of GC-GO-PB electrode in the absence or presence of hydrogen 

peroxide in 0.1 M phosphate buffer solution at pH 3, pH 5.12 and pH 7.4 are presented in figure 6. In 

the absence of hydrogen peroxide, figure 6 (a), anodic responses are observed at all pH values. The 

highest response is observed at pH 7.4 and the lowest in acidic medium at pH 3. The cathodic response 

on the other hand is more pronounced at pH 5.12. In the presence of hydrogen peroxide, figure 6 (b), 

the GC-GO-PB electrode produces both anodic and cathodic responses. Two anodic and cathodic 

peaks are observed at pH 7.4 indicating two electron transfer reactions taking place. At pH 5.12, the 

electrode reaction fizzled away showing that the presence of hydrogen peroxide has adversely affected 

the anodic response previously observed. These results indicate the presence of graphene oxide has 

considerably enhanced the electrochemical stability of PB film and its detection of hydrogen peroxide. 

The cyclic voltammograms of GC-PB and GC-GO-PB electrode reactions observed could be explained 

as a one electron transfer reaction in neutral or slightly acidic medium. For the GC-GO-PB electrode, 
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this is a conversion of a sp
2
 to sp

3
 bond in graphene. For the GC-PB electrode, the electrochemical 

stability of Prussian blue nanoparticles could be due to the –CN groups of PB.  

 

 

 
 

Figure 6. Cyclic voltammograms of GC-GO-PB electrode (a) before and (b) after injection of 25 μl 

H2O2 in 0.1M PBS at different pH values.  

 

The electrochemical properties of GC-GO, GC-PB and GC-GO-PB electrodes were studied in 

0.1 M phosphate buffer solution at different pH values, using square wave voltammetry recorded 

between -700 mV to 700 mV at scan rate of 50 mV/s. The square wave voltammograms of glassy 

carbon electrode modified graphene oxide (GC-GO) before and after injected of H2O2 in 0.1 M 

phosphate buffer solution at pH 7.4 is presented in figure 7 (a & b). Their overlay is presented in figure 
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7 (c). These results are in agreement with cyclic voltammogram results presented in figure 4, for GC-

GO, in which no responses were observed both in the absence and presence of hydrogen peroxide.  

 

 

 

 
 

Figure 7. Square wave voltammograms of GC-GO electrode (a) before and (b) after injection of 25 μl 

H2O2 in 0.1M PBS pH 7.4 (c) overlay of a and b.  

 

Square wave voltammetry of Prussian blue modified glassy carbon electrode (GC-PB) before 

and after injection of H2O2 in 0.1 M PBS at pH 3, pH 5.12 and pH 7.4 are presented in figure 8 (a & b). 

The GC-PB electrode in the absence of hydrogen peroxide, figure 8 (a) does not show any significant 
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electrochemical response at pH 5.12 and pH 7.4, while at pH 3 a high anodic responses is observed. 

The high response current at pH 3, is observed around 0.12V while at pH 5.12 and pH 7.4 no responses 

were observed at 0.03 and -0.06V respectively. In the presence of hydrogen peroxide, figure 8 (b), 

anodic response are observed at pH 3 giving rise to a small shoulder peak.  

 

 

 
 

Figure 8. Square wave voltammograms of GC-PB electrode (a) before and (b) after injection of 25 μl 

H2O2 in 0.1M PBS at different pH values.  

 

Square wave voltammetry of GC-GO-PB before and after injection of H2O2 in 0.1 M PBS at 

pH 3, pH 5.12 and pH 7.4 are presented in figure 9 (a & b). In the absence of hydrogen peroxide, 

figure 9 (a), anodic and cathodic current responses are observed. The highest anodic response is 

observed at pH 7.4, while at pH 3 and 5.12, low anodic responses are observed respectively. At pH 

5.12, a small but significant cathodic response is observed at a potential of 0.6 V. In the presence of 

hydrogen peroxide, figure 9 (b), the GC-GO-PB electrode again produces both anodic and cathodic 

responses. No change in response is observed at pH 7.4 which again records a high current response 
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with a peak at about -0.1 V. Two anodic peaks at 0.15 V and 0.4 V are observed at pH 3. The cathodic 

peak with a voltage of 0.5 V at pH 5.12 is seen to have increased.  

 

 

 
 

Figure 9. Square wave voltammograms of GC-GO-PB electrode (a) before and (b) after injection of 

25μl H2O2 in 0.1M PBS at different pH values.  

 

The optimum response pH in the square wave voltammetry of GC-GO-PB electrode is pH 3. 

There is similarity in the sensitivity response for the cyclic and square wave voltammograms for the 

GC-PB and GC-GO-PB electrodes.  

 

 

4. CONCLUSION 

Prussian blue and graphene oxide were synthesized used in the modification of glass carbon 

electrodes for the chemical detection of hydrogen peroxide. Cyclic and square wave voltammetry of 



Int. J. Electrochem. Sci., Vol. 7, 2012 

  

5082 

GC-PB and GC-GO-PB electrodes show significant detection of hydrogen peroxide predominantly at 

pH 5.12 and 7.4 for the GC-PB electrode. For the GC-GO-PB electrode, current responses indicating 

the detection of hydrogen peroxide were observed at all pH values for the cyclic and square wave 

voltammetry. The most significant detection of hydrogen peroxide on the GC-GO-PB electrode was 

found at pH 7.4 in the cyclic voltammetry and at pH 5.12 in the square wave voltammetry.  
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