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Abstract- A novel nanocomposite consisting of graphene oxide (GO), palladium nanoparticles 

(PdNPs) and Prussian blue (PB) was used to fabricate a non-enzymatic hydrogen peroxide 

(H2O2) sensor. A pencil graphite electrode (PGE) was modified with the mentioned 

nanocomposite (PB/Pd/GO-PGE) and characterized by several techniques including scanning 

electron microscopy (SEM), electrochemical impedance spectroscopy (EIS) and cyclic 

voltammetry (CV). The sensor showed a significant better electrocatalytic activity for the 

reduction of hydrogen peroxide in comparison with the single GO-PGE, PB/GO-PGE and 

Pd/GO-PGE. This was attributed to the synergistic effect of PB, Pd, and GO nanoparticles. The 

values of diffusion coefficient, D, and electroreduction kinetics parameters including electron 

transfer coefficient, , and catalytic rate constant, k, were 9.61×10-6 cm2 s-1,0.5 and 7.02×105 

cm3 mol-1 s-1 respectively. Furthermore, the proposed sensor demonstrated a high level of the 

overall performance for the analysis of H2O2 using hydrodynamic amperometry in the 

concentration range from 0.2×10-6 to 0.5×10-3 mol L-1 and detection limit of 0.078×10-6  

mol L-1 with good stability, repeatability, and selectivity. This modified electrode was also used 

successfully for the determination of H2O2 in real samples such as, mother’s milk, and rain 

water. 
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1. INTRODUCTION 

Hydrogen peroxide (H2O2) has been known as a hazardous chemical developing severe 

health issues.  Mother’s milk is considered as a healthy food source containing nutrients 

with antimicrobial activity, generally mediated by the reaction of hydrogen peroxide. 

H2O2 is widely used as the oxidizing, bleaching or sterilizing agent in various fields. Moreover, 

it is involved in several biological processes and intracellular pathways. It is also a by-product 

of the reactions, which are based on oxidase enzyme. Determination of hydrogen peroxide 

is of great importance, because it is widely used in different fields and involved in 

several biological procedures. 

Up to date, various analytical methods have been utilized for the precise and 

sensitive determination of H2O2 [1-12]. Several kinds of electrochemical sensors and 

biosensors developed for measurement of oxidation and reduction characteristics of this 

compound. Beneficial property of electrochemical techniques such as simplicity, cost 

effectiveness and small instrumentation render them as a promising tool over other 

methods [13]. For the sensitive detection of H2O2, generally redox-active peroxidase 

and heme proteins have been broadly employed [14-17]. In order to achieve the better 

results in the field of enzyme-free H2O2 sensors, non-enzymatic H2O2 sensors based on 

nanoscale materials have been introduced in recent years [18-23]. 

Pencil graphite electrodes (PGE) have the advantages of being inexpensive, 

renewable, easy to use, and more facile with a relatively low background current 

[24,25]. However, PGEs have poor electrocatalytic activity and thus, the surface of PGE 

usually must be pretreated or modified with suitable electrocatalysts for fabrication of a 

desirable sensors [26,27]. Recently, nanostructured materials have attracted increased 

attention and many of studies have been aimed toward the special combinations of their 

properties. Unique physicochemical properties of nanoparticles make them an ideal candidate 

for use as electrode modifier.   

Graphene oxide (GO) is a typically pseudo-two-dimensional array of carbon atoms 

arranged in a honeycomb lattice, having excellent properties suitable for 

electrochemical applications. Compared with graphene (GR), GO has many special 

properties and advantages due to the some oxygen-containing groups present on its 

structure in addition to the ease of production. These functional groups result in high 

solubility of GO in water and cause easy formation of various composites by reaction 

between surface groups and other chemicals. The combination of graphene oxide and 

nanoparticles (NPs) with various chemical composition may lead to nanocomposites 

with considerable effective surface areas and does improve electron transfer. This 

phenomenon can strongly make nanocomposite an ideal material for the preparation of 

electrochemical sensors and biosensors. 
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Palladium nanoparticles (PdNPs) possess a series of excellent properties and have 

extensively been used as GO decorators. Prussian blue (PB) has been described as 

‘‘artificial peroxidase’’ for H2O2 electrocatalysis and considered as most advantageous 

electrode modifier in hydrogen peroxide transducers. However, rapid desorption of PB 

film from electrode surface is the main problem that resulted in losing its catalytic 

activity. In order to overcome this problem, researches have been concentrated on 

developing methods for the synthesis of nanostructured PB and their immobilization 

onto various conductive materials and preparation of Nanocomposites [28-30].  

The properties of the individual components and their effective structural 

combination are responsible for good performance of the nanocomposite with 

uncommon characteristics. Therefore, developing methods and improving the close 

contact between the components plays an important role. In earlier reports, the 

application of PB/metal NPs for detection of H2O2 was presented [31-33]. Zhang et al 

fabricated an efficient amperometric hydrogen peroxide sensor with PB@Ptnano/PCNTs 

nanocomposite and used to modify the glassy carbon electrode (GCE) [34]. Han et al 

reported a three components sensor by freestanding graphite felt (GF), platinum 

nanoparticles (Pt) and Prussian blue (PB) their reported nanocomposite exhibited high 

sensitivity and low LOD [35]. Recently, we have described a non-electrolysis 

preparation path for the PB films deposited on Al surface covered by metallic palladium 

nanoparticles (Pd/Al) and we also used this electrode as H2O2 sensor [30,36]. 

The main aim of this study is the fabrication of a new sensor through consecutive 

deposition of Pd and PB nanoparticles on GO modified PGE (Scheme 1), and studying 

the possibility of PB/Pd/GO nanocomposite for H2O2 determination based on electro-

reduction. The prepared sensor combines the advantages of GO, Pd and PB 

nanoparticles and demonstrates good sensitivity and excellent electrocatalytic 

capabilities. The ability of the proposed sensor was also examined for detection of H2O2 

in Mother’s milk and rain water samples. 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Schematic illustration of the preparation of the H2O2 sensor 
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2. EXPERIMENTAL  

2.1. Chemicals 

Graphite powder (spectrum pure), palladium chlorides, potassium hexacyanoferrate(III) 

trihydrate, ferric nitrate, nitric acid, potassium hydroxide, sodium acetate, potassium chloride, 

hydrogen peroxide, ascorbic acid, glucose and citric acid were of analytical grade and 

purchased from Merck. The pencil graphite was obtained as pencil lead from Rotring Co.  LTD, 

Germany (R 505210 N) of type H. All leads had a diameter of 2.0 mm which was modified as 

detailed below. All electrochemical experiment were conducted in 0.2 mol L-1 acetate buffer 

solution (pH 5.0) containing 0.5 M KNO3 (ABS) and the pH adjusted with nitric acid or acetate 

solutions. All solutions were prepared with twice distilled water. 

 

2.2. Instrumentation 

Electrochemical experiments were performed using AUTOLAB PGSTAT 30 

electrochemical analysis system and GPES 4.9 software package (Eco Chemie. The 

Netherlands). The utilized three-electrode system was composed of a PGE modified electrode 

as the working electrode, a saturated calomel electrode (SCE) as the reference electrode and a 

platinum wire as the auxiliary electrode. 

 

2.3. Preparation of the Working electrode 

The surface of pencil graphite electrode (PGE) was polished on a weighing paper to reach 

a smoothed finish. The electrode was then sonicated in nitric acid and double distilled water. 

In the next step, the body of PGE was tightly coated with Teflon band. Electrical contact with 

the lead was achieved by connecting a copper wire to the metallic holder of the working 

electrode. Graphene oxide (GO) was synthesized directly from graphite through a modified 

Hummers method as described earlier [37-39]. In a typical procedure, 1.0 mg graphene oxide 

was dispersed in 1 mL H2O to form a homogenous mixture. 3 µL of 1.0 mg mL-1 mixtures were 

dropped on the surface of PGE and dried at room temperature before each use. The pencil lead 

was fixed vertically and immersed in the solution in which the contact was only achieved via 

cross section of the electrode.  

Electrochemical deposition of PdNPs was performed from 5 mL of 510-3 mol L-1 PdCl2 

containing 1 mol L-1 KCl in the potential range between 0.5 to -0.6 V at a scan rate of 5  

mV s-1 for 2 cycles and subsequently, PB deposition was done by simple dipping in fresh 

solution of 210-3 mol L-1 Fe(NO3)3, 210-3 mol L-1 K3[Fe (CN)6] and 0.5 mol L-1 KNO3 of pH 

1–3 (adjusted with HNO3) for 1 min. In order to obtain morphological crystal lattice 

stabilization of the film, the freshly prepared PB film was dried in air for 30 min and then the 

electrode potential was cycled between –0.2 and 0.5 V in 0.5 mol L-1 potassium nitrate solution 

(pH 3), for about 10 cycles with scan rate of 20 mV s-1 for activation. 
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2.4. Hydrodynamic amperometry 

10 ml of ABS electrolyte was transferred into a voltammetric cell, and an accurate volume 

(about 0.2 mL) of standard H2O2 solution was added to the cell. The catalytic current was 

measured on the PB/Pd/GO modified PGEs at constant electrode potential of 0 V under 

hydrodynamic conditions, using a magnetic bar with a constant stirring speed of 1000 rpm. The 

amount of H2O2 in the solution was evaluated by the method of standard addition. In the case 

of milk real samples, hydrodynamic amperometry was done in 3 mL volume of the ABS 

due to the limited amount of collected milk samples. 

 

2.5. Sample preparation 

Milk samples collected and prepared based on previous report [40]. Upon consent, breast 

milk samples (day 1–3 postpartum) was collected from lactating mothers, their ages were 

between 30-40 years old, by manual expression or by using a conventional breast pump. The 

samples were collected in sterile plastic tubes, De-fatted and kept freeze prior to analysis.  

De-fatted milk samples were obtained by dividing whole milk samples into smaller portions 

and centrifuging them at room temperature for 15 minutes, and collecting the aqueous phase 

of the milk each time by a thin needle. 3 mL 0.4 mol L-1 acetate buffer solution (pH 5.0) 

containing 1 mol L-1 KNO3 was added to 3 mL of the separated aqueous phase of milk and after 

whole mixing used as real sample. 

Rain water was used without any treatment just after collection. The collected milk and rain 

samples were diluted to the ratio of 1:2 times with 0.4 mol L-1 acetate buffer solution (pH 5.0) 

containing 1 mol L-1 KNO3 and used for analysis. 

 

3. RESULT AND DISCUSSION 

3.1. Characterization of different modified electrodes 

The morphology of the prepared electrodes was investigated using FE-SEM 

techniques. The SEM images of the bare and modified electrodes are presented in Fig. 

1. It can be observed that the prepared graphene oxide exhibits the flake shape and 

layered structure of graphene oxide edges (Fig. 1A). 

Comparing the FE-SEM images of GO-PGE before and after deposition of PdNPs indicates 

that PdNPs were homogenously distributed on the electrode surface and the GO nano sheets 

were hidden behind the PdNPs and was not so clear (Fig. 1B). FE-SEM image of the PGE after 

PB immobilization are shown in Fig. 1C. It is very obvious that PB/Pd/GO modified PGE 

surface is coated by a uniform PB film with small and ordered PB particles. Some cracks can 

be simply seen on the electrode surface modified with the PB which can be attributed to the 
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samples were placed in presence of air for a relatively long time (about 3 h) before the SEM 

measurements was reported [32]. 

 

    

Fig. 1. FESEM images of (A) GO; (B) Pd/GO; (C) PB/Pd/GO modified PGE 

 

3.2. Electrochemical properties of modified electrodes 

Fig. 2A shows typical cyclic voltammograms of different modified electrodes in 

acetate buffer solution recorded at a scan rate of 20 mVs-1. As shown in Fig. 2A, bare 

PGE and GO modified PGE did not show any obvious redox peak. For PB/GO, PB/Pd 

and PB/Pd/GO modified PGEs, a pair of well-defined redox peaks was clearly appeared.  

The peak current value at the PB/Pd/GO modified PGE is much larger compared with 

that at the PB/GO and PB/Pd modified electrodes under the same conditions. These 

results indicated that GO and PdNPs can increase electrode surface area and promote 

electron transfer rate, also PdNPs could actively enhance the growth of PB, hence 

synergic behavior of PB film with the GO and PdNPs has facilitated the redox activity 

of PB film and enhanced the peak current with excellent stability in comparison with 

other modified electrodes. 

The anodic and cathodic peak potentials are located at +0.197 V and +0.182 V with 

the formal potential values (Eº) of near 0.19 V, which has been ascribed to the redox 

process of Prussian blue and Prussian white. The peak potential separation is 15 mV 

that indicates high conductivity of the film and high reversibility of the redox reaction 

which occurred at the surface of modified electrode and they are also comparable with 

those of reported previously. 

The intensity of the redox peaks was proportional with the PB deposition time on 

the electrode surface and results showed that with increase in the deposition time, 

separation between the potentials of reduction and oxidation peaks was increased. This 

observation revealed that electron transfer process became more difficult because 

penetration of the counter-ions became difficult as the thickness of PB in the electrode 

increased. Thus 1 min selected as optimum time for PB deposition. 
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The CV curves of PB/Pd/GO modified PGE at various scan rates were also 

investigated (Fig. 2B). Results showed that with increasing scan rate both redox peak 

currents (Fig. 2B, inset a) and peak-to-peak separation(Fig. 2B, inset b)was increased. 

The anodic and cathodic peak currents have a linear behavior proportional to the scan 

rate (Fig. 2B, inset a) ranging from 5 mV s -1 to 150 mVs-1 (the corresponding equation 

can be expressed as Ipc=2.276 v-0.015), indicating that the redox process of PB in this 

composite film was a reversible and surface-confined process. At higher scan rates, up 

to 500 mV s-1, the peak currents were proportional to the square root of the scan rate 

(v1/2) which demonstrates that the reaction kinetics changed from a surface process to a 

solution diffusion-limited process similar to results reported previously [31] and related 

to the cation transfer through the film. From the slope of Ipa versus scan rate plot, the 

surface coverage of PB onto the Pd/GO/PGE can be calculated according to the 

equation: 

Ipa= n2 F2 v A /4 R T                                                                                                    (1) 

Where v is potential scan rate, A is the geometric surface area and other symbols 

have their usual meanings. On the basis of this equation, the surface coverage of PB 

onto the Pd/GO/PGE was calculated to be 7.71×10-8mol cm-2 which is in agreement with 

other works [41,42]. 

The active surface area of the electrodes were evaluated by cyclic voltammetry in 

1.0 mmol L-1 K3Fe(CN)6 solution containing 0.1 mol L-1 KNO3 at different scan rates. 

For a reversible process, the effective surface area can be expressed based on the 

Randles-Sevcik equation [43]: 

𝐼𝑃 = (2.69 × 105)𝑛3/2𝐴𝐷1/2𝐶 1/2                                                                             (2) 

Where Ip refers to the peak current, n (=1) is the electron number, A denotes the 

effective surface area of the electrode, D refers to the diffusion coefficient of [Fe(CN)6]
3- 

(taken to be 7.6×10-6 cm2 s-1 [44], C is concentration of [Fe(CN)6]
3-, and v is the scan 

rate. 

Based on equation (2) using the slope of the straight line of Ip vs v1/2, the effective 

surface area of the PB/Pd/GO modified PGE was obtained 0.204 cm2.  
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Fig. 2. (A) Cyclic voltammograms (CVs) of different electrodes in 0.5 mol L-1 KNO3 + 0.2 

mol L-1 acetate buffer solution pH 5: curve a) PGE; curve b) GO-PGE; curve c) PB/GO-PGE; 

curve d) PB/Pd-PGE; curve e) PB/Pd/GO-PGE. Scan rate of 20 mV s-1; (B) Cyclic 

voltammograms of the PB/Pd/GO modified PGE in ABS at various scan rates of 5, 15, 25, …, 

and 400 mV s-1 (from inner to outer profiles), respectively. Insets: (a) Plots of peak currents 

(IP) vs. scan rate (v); (b) plot of EPversus the logarithm of scan rate 

 

3.3. Cyclic voltammetric studies of H2O2 

Because of some similarities between PB and peroxidase enzymes, PB has been 

utilized in various fields such as medical diagnosis and biosensing, and can be used to 

catalyze the reduction of hydrogen peroxide. The ABS containing 0.5 mol L-1 KNO3 

was used as the electrolyte, because at pH 5, current flow was apparent and PB is stable 

in this case. The reduction of H2O2 at the PB/Pd/GO modified PGE was carried out to 

assess the electrocatalytic activity, and several effective parameters of experiments were 

also investigated with the other electrodes to estimate the influence of individual 

components and any possible synergistic effects among them. Fig. 3 shows the cyclic 

voltammograms recorded in the presence of 4 mmol L-1 H2O2 at the surface of PGE (a), 

GO-PGE (b), Pd/GO-PGE (c), PB/GO-PGE (d), PB/Pd-PGE (e), and PB/Pd/GO-PGE 

(f). It is evident that no reduction signal appeared at bare or GO modified PGE, 

demonstrated that there was no catalytic effect with respect to H2O2 reduction. 

Furthermore, Pd nanoparticles had a better catalytic performance than bare or GO modified 

PGE and can catalyze H2O2 reduction. Results showed that after PB deposition on the 

electrode surface (curves d, e and f), a further increase in the catalytic current and 

decrease in H2O2 reduction over potential was observed due to the best catalytic activity 

of PB, and a much higher cathodic current could be observed at PB/Pd/GO-PGE. 

The enhanced electrochemical activity of PB/Pd/GO hybrids compared with PB/Pd 

(curve e versus f) could be mostly attributed to the unique oxygen containing structure 

of GO nanosheets with high specific surface area which leads to better deposition of 

PdNPs. Moreover, the enhanced electrochemical activity of PB/Pd/GO hybrids 
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compared with PB/GO-PGE (curve d versus f) could be mostly related to the well 

dispersion of PdNPs, which in turn provides larger electrochemically active surface 

area, accelerated electron transfer, and promotion in the growth of PB (act as an 

intermediator to immobilize stable and active PB). In general, voltammograms clearly 

prove gradual improvement in redox electrochemistry of PB/Pd/GO modified electrode 

as a function of nanogeometry of palladium and GO and the superior electrocatalytic 

activity of modified electrode for the reduction of H2O2 due to the catalytic and 

synergistic effect of components. 

Similarly, the effect of anion of some pH-adjusting acids was investigated and the 

best results were obtained in 0.5 mol L-1 KNO3+0.2 mol L-1 acetate buffer of pH 5 

(results not shown). 

In order to study the catalytic effect of PB/Pd/GO modified PGE towards H2O2 

reduction, cyclic voltammograms were obtained in the presence of different 

concentrations of H2O2. The cyclic voltammograms for H2O2 reduction of various 

concentrations (0.1–30 mmol L-1) in 0.5 mol L-1 KNO3+0.2 mol L-1 acetate of pH 5 are 

presented in Fig. 4. Results demonstrate that with the addition of H2O2 to the 

electrochemical cell, the cathodic peak current increases obviously and the anodic peak 

current decreases significantly; this suggests that a typical EC’ mechanism could be 

occur for electrocatalytic reduction of H2O2. 

The nature of the processes occurring at the electrode surface was investigated by 

performing different scan rates at PB/Pd/GO modified PGE in the presence of 4  

mmol L-1 H2O2 at ABS solution (data not shown). Results showed that by increasing the 

scan rate up to 150 mV s-1, the height of the oxidation peak in reverse scan increases. This is 

due to the slow chemical reaction rate constant and the decreased voltammogram recording 

time which causes a decreased chemical reaction between H2O2 and K2FeII[FeII(CN)6]. The 

peak potential for the reduction of H2O2 shifts to less positive potentials when increasing 

the scan rate and a linear relationship was observed between Ep versus log v suggesting 

a kinetics limitation in the reaction between active sites of PB and substrate. The 

equation can be expressed as Epc=-0.031 log v+0.173. As for an irreversible electrode 

process, Ep is defined by the following equation: 

𝐸𝑃 = (𝑏/2)𝑙𝑜𝑔 + 𝐶𝑜𝑛𝑠𝑡.                                                                                           (3) 

The value of nwas calculated to be 0.952 from the slope of Ep vs log v, which b 

indicates the Tafel slope. Generally, is assumed to be 0.5 in a totally irreversible 

electrode process; therefore, the number of electrons (n) transferred in the electro-

oxidation of H2O2 was calculated and found to be 2. The value of n can be obtained 

by another method, i.e., according to Eq. 4, valid for a totally irreversible diffusion-

controlled process [21]:   
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|𝐸𝑃 − 𝐸𝑃/2| =
47.7

𝑛𝑎
                                                                                                          (4) 

On the basis of Eq. 4, a mean value of 51 mV obtained for Ep- Ep/2 using the achieved 

cyclic voltammograms. This confirms that n equals to 0.94, assuming a transfer 

coefficient ( of 0.5, the rate limiting is a two-electron process. Similarly, to get 

information on the final product of H2O2 reduction on the modified electrode, we have 

evaluated the total electrons (n) involved in its reduction at a time scale of cyclic 

voltammetric technique. For the totally irreversible diffusion-controlled electrode 

processes, the following equation can be used for the evaluation of n: 

𝐼𝑃 = (2.99 ×  105) 𝑛 (𝛼 𝑛𝛼)
1

2 𝐴 𝐷
1

2 𝐶 𝑣
1

2                                                                      (5) 

The plot of Ip of voltammograms versus C is linear with the slope of 0.056 (inset in 

Fig. 4). Using these slope and considering αnα equal to 1, D=9.61×10-6 (determined by 

chronoamperometry), A=0.2 cm2, and v=20 mV s-1, it is found that the total number of 

electrons (n) involved in the cathodic reduction of H2O2, is about 2. 

 

 

Fig. 3. Cyclic voltammograms (CVs) of different electrodes in ABS containing 5 mmol L-1 

H2O2: curve a) PGE; curve b) GO-PGE; curve c) Pd/GO-PGE; curve d) PB/GO-PGE; curve e) 

PB/Pd-PGE; curve f) PB/Pd/GO-PGE; Scan rate: 20 mV s-1 

 

On the basis of the obtained results, ECmechanism could be assumed for the 

electrochemical reduction of H2O2 which can be expressed by the following equations:  

KFeIII[FeII(CN)6] +  K+ +  e̅ → K2FeII[FeII(CN)6]                                         fast   (6a)                             

2K2FeII[FeII(CN)6] +  H2O2 + 2H+ → 2KFeIII[FeII(CN)6] + 2H2O + 2K+   slow (6b)  

The overall reduction reaction of H2O2 can be expressed by the following equation: 

H2O2 + 2H+ + 2e̅ → 2H2O                                                                                        (6c) 
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Fig. 4. Cyclic voltammograms of a PB/Pd-GO/PGE in the presence of various concentrations 

of H2O2 (0, 0.1, 0.4, 0.6, 1.2, 1.5, 2, 3.5, 6.85, 11.7, 19, and 30 mmol L-1 respectively); Inset: 

corresponding calibration curve; Conditions: supporting electrolyte ABS; Scan rate: 20 mVs-1 

 

3.4. Chronoamperometry 

The chronoamperometry as well as cyclic voltammetry may be used for the 

investigation of the electrode processes at chemically modified electrodes. Fig. 5 shows 

the well defined chronoamperograms for the PB/Pd/GO modified PGE with surface 

coverage of 7.71×10-8mol cm-2 in the absence and presence of various concentrations of 

H2O2 by setting the working electrode potential at -0.1 V. At long experimental times 

(t>1.5 s or t-1/2<0.8 in the present work), where the reduction of KFeIII[FeII(CN)6] is 

complete, the rate of electrocatalytic reduction of H2O2 exceed that of its diffusion, and 

therefore, the current has a diffusional nature. In this region the plot of I versus t-1/2 gives 

a straight line and the slope of such a line can be used for the estimation of the diffusion 

coefficient D of the substrate. From the slopes of these plots (Inset A of Fig. 5), the mean 

values of D were found to be almost 9.61×10-6 for H2O2.  

Chronoamperometry as an effective method used to evaluate the kinetics of H2O2 

electrochemical reduction from the situation, when the catalytic current is dominated by 

the rate of the electro catalyzed reduction at intermediate times. The catalytic rate 

constant (K) has been determined according to the method described in the literature from 

the following relation: 

I cat / IL = (π Kcat C t)1/2                                                                                                                                                 (7) 
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Fig. 5. Chronoamperograms obtained at the PB/Pd/GO modified electrode (a) in the absence 

and (b–e) in the presence of 1, 1.5 and 2 mmol L-1 H2O2, by setting the working electrode 

potential at 0.1 V; Inset: (A) Plots of I versus t-1/2 for various concentrations of H2O2; (B) Plot 

of Icat/IL versus t1/2 for 2 mmol L-1 H2O2. Conditions: supporting electrolyte ABS 

 

 

Fig. 6. Hydrodynamic amperograms of of the PB/Pd/GO-PGE at constant electrode potential 

of 0.1 V in 10 mL ABS for various concentrations of H2O2 (0.2, 0.5, 1, 1.5, 2, 3, 6, 10, 40, 80, 

120, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700 mol L-1) added each 100 s; inset: (A) 

Hydrodynamic amperograms with successive injections of small amounts of H2O2 (0.2–10 

µmol L-1); (B) Linear calibration curves for the current responses of H2O2; (C) Linear 

calibration curves for the small amounts of H2O2 (0.2–10 µmol L-1); (D) Thecurrent–time 

response of PB/Pd/GO-PGE to H2O2 (10 mol L-1) (a) in the absence; and (b) in the presence 

of O2; and to some interfering compounds (50 mol L-1) (c) ascorbic acid, (d) glucose, (e) uric 

acid, (f) citric acid, (g) nitrite, (h) sulfite, (i) L-cysteine and (j) H2O2 (10 mol L-1) 
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where IL and Icat are the currents of the nanocomposite modified electrode, in the absence 

and presence of H2O2. Kcat could be calculated from the slope of Icat/ IL vs. t1/2 plot. Insets 

B of Fig. 5 shows such a plot constructed from the PB/Pd/GO modified PGE in the 

absence and presence of 2 mM H2O2. The obtained Kcat value was found to be 7.02×102 

M-1 s-1for the PB/Pd/GO modified PGE.  

 

3.5. Amperometric determination of H2O2 

In order to evaluate the performance of the PB/Pd/GO modified electrode as an 

amperometric device for determination of H2O2, hydrodynamic amperometry was used 

at constant electrode potential.  

 

Table 1. Analytical figures of merit of some modified electrodes for hydrogen peroxide 

determination 

 

 

Taking into consideration both the intensity of the amperometric response and 

response time, 0 V selected as optimized potential for amperometric measurements. 

According to the measurement results (Fig. 6), the linear range of the PB/Pd-GO/PGE towards 

Electrode Linear range 

 (µmol L-1) 

Detection limit  

(µmol L-1) 

Sensitivity 

µA cm-2 

mM-1 

Ref. 

Hb/PLE 5-245 1 2.5 nA/M [17] 

PdNP-GPE 10-50 (R) 

10-140 (Ox) 

1 

0.045 
 [24] 

Nafion-PB-

MWCNTs/SPCE-IL 

5-1645 0.35 436 [33] 

PB/graphene/GCE 20-200 1.9 196.6 [36] 

PB-Cu-AuNPs/GCE 2-840 0.113  [41] 

PB@Ptnano/PCNTs/

GCE 

0.25-1500 0.15 0.85 [43] 

PB@Pt/GF  1.2 nM 40.9  
A M-1 cm-2 

[44] 

PtNP-p.PGE 2.5-750 0.73 445 [45] 

PB/RTIL/CNTs/GCE 0.49-700 0.49 185.9 [46] 

PB-GOx-ESM/CCE 12510-9 mol L-1-195 µmol L-1 31 nM 8.8   
A M-1 cm-2 

[47] 

GC/RGO/PB/PTBO 5–600 1.5 0.420 [48] 

PB/NPGF 1–10 & 10-100 0.36 0.8 [49] 

PB/Pd/Go-PGE 0.2-500 0.086 6.44  

A M-1 cm-2 

This 

work 



Anal. Bioanal. Electrochem., Vol. 11, No. 6, 2019, 812-829                                                 825 

 

H2O2 determination was from 0.2 µM to 0.5 mmol L-1 with a linear correlation coefficient of 

0.999. The sensitivity of the developed PB/Pd-GO/PGE was calculated as 6.44 A M -1 cm-2 and 

the LOD was 0.078 µmol L-1 based on a signal-to-noise ratio (S/N =3). 

The investigation of analytical performance of the obtained sensor was done by 

comparison of its characteristics with other reported hydrogen peroxide sensors (Table 

1), and it is apparent that the PB/Pd-GO/PGE exhibited a broader detection range and a 

lower detection limit as compared with other sensors reported earlier. The favorable 

performance of the sensor described in this work, was attributed to the high conductivity 

and surface area of the GO and PdNPs, high activity of PdNPs to promote deposition of 

PB coupled with the desired activity of the PB components towards H2O2 reduction. 

 

3.6. Effect of electroactive interferences  

The interference of the desired substances including ascorbic acid, glucose, uric acid, 

citric acid, nitrite, sulfite and L-cysteine were investigated by gradual addition of their 

standard solution to the cell until a tolerated concentration, i.e. causing a maximum error 

of 5% in amperometric signal of H2O2 is achieved. Moreover, the effect of dissolved 

oxygen on the amperometric response of the electrode studied by performing 

amperometric experiments in the presence and absence of dissolved O2.Results showed 

that the response current was kept almost at the same value after the addition of various 

perturbents and in the presense of dissolved O2.The response current of the final addition 

of H2O2 was the same with the first addition and this indicates that those perturbents did 

not affect the reduction of H2O2 at the PB/Pd-GO/PGE. 

 

3.7. Real sample analysis 

To evaluate the analytical reliability and application potential of the proposed sensor, 

the PB modified electrode was used for the analysis of H2O2 in Mother’s milk, and rain 

water samples.  

Table 2. Real sample analysis results 

 

 

 

 

 

 

 

 

Sample H2O2 added 

(µmol L-1) 

H2O2 found 

(mol L-1) 

Recovery 

(%) 

RSD 

(%) 

Mothers 

milk 

0 

10 

20 

12.1                                         

21.6                                                     

32.5 

 

95 

102 

1.1 

2.3 

1.6 

Rain 

water 

0 

2 

5 

Not found 

1.98 

5.08 

 

99 

101.6 

 

1. 5 

1.9 
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To assess the correctness of the results, the samples were spiked with a certain 

amount of hydrogen peroxide and the recovery data of the spiked samples were 

determined. The obtained results for five replicated measurements (Table 2) indicate 

that the prepared sensor has high accuracy in practical applications and can be used for 

the H2O2 detection in actual samples. 

 

3.8. Stability, repeatability, and reproducibility study 

In the present work, the stability of the modifier and repeatability of its 

electrocatalytic activity in H2O2 solutions were examined. Repetitive redox cycling 

experiments were done to determine the stability of the PB/Pd-GO/PGE in ABS solution 

(pH 5, 0.5 mol L-1 KNO3). After 100 continuous cycles at 100 mV s-1, the peak heights 

of the cyclic voltammograms did not show considerable change. The results obtained 

from amperometric measurements showed that the stability and current response of the 

electrode in the H2O2 solutions did not change significantly after several uses (about 14 

times) and for long times (about 30 min). On the other hand, the PB/Pd-GO/PGE kept 

its initiate activity for more than 3 weeks when exposed in air at refrigerator (a drift in 

current response was less than 5% at the end of the 3th week). The stability of electrode 

response demonstrates the long-term applicability the PB/Pd-GO/PGE for the 

determination of H2O2.  

Furthermore, five modified electrodes were prepared individually and their 

amperometric responses toward 2 µmol L-1 H2O2 were studied under the optimal 

operational conditions. According to the results of this study, the fabricated electrodes 

showed reproducible current responses (RSD=3.7%, n=5) proving that the fabrication 

process of the electrodes was satisfactorily reproducible. Moreover, reproducibility of 

the electrode responses were studied within days resulting in a RSD value of 4.9% (n=5). 

The results prove the suitability of our simple procedure in fabrication of PB/Pd-

GO/PGE which retained the electrocatalytic activity of PB. Considering the high 

stability, reproducibility and simple preparation, the fabricated electrode can be applied 

for routine analysis. 

 

4. CONCLUSION 

In present work, a novel triple-component sensor was fabricated by sequential deposition 

of Pd and PB nanoparticles on the GO modified electrode. The performance of the composite 

materials relies on the properties of the individual components and effective structural 

combination of these materials. The experimental results showed that the modification of PGE 

with GO, PdNPs and PB nanocomposite, remarkably improve the electrode performance as 

H2O2 sensor. The prepared electrode possessed excellent electrocatalytic activity for the 
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reduction of H2O2 as well as effective discrimination to the common interfering species. The 

novel PB/Pd/GO composite can be applied in the fabrication of various H2O2 assay-based 

sensors and biosensors. 
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