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 A simple and environment friendly protocol has been developed for the synthesis of Ag 
nanoparticles (AgNPs) supported on reduced graphene oxide (rGO) with copper metal foil as 
reductant. The prepared AgNPs-rGO, nanocomposite was characterized by various analytical 
techniques such as scanning electron microscopy (SEM), field-emission scanning electron 
microscopy (FE-SEM), X-ray diffraction (XRD). The electrochemical performance of the 
material has been evaluated using cyclic voltammetry (CV), chronoamperometry and 
electrochemical impedance spectroscopy (EIS). The average crystallite size of AgNPs is found 
to be 32.34 nm. The application of prepared electrocatalyst (AgNPs-rGO) as a non-enzymatic 
sensor is examined through the modified electrode with the synthesized AgNPs-rGO. The 
sensor showed excellent performance toward H2O2 reduction with a sensitivity of 12.73 
µA.cm-2.mM-1, with a linear dynamic range of 1.5 µM – 100 mM, and the detection limit of 
1.90 µM (S/N = 3). Furthermore, the sensor displayed high sensitivity, reproducibility, stability 
and selectivity for the determination of H2O2. The results demonstrated that AgNPs-rGO has 
potential applications as sensing material for quantitative determination of H2O2. 
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1. Introduction 
      

 

      It is well known that hydrogen peroxide (H2O2) is an essential constituent in food, pharmaceutical, 
textile, chemical, biochemical, clinical industries and environmental analysis. It is also formed in 
oxidase enzyme catalyzed reactions as a by-product. H2O2 is a potential poison once entered inside the 
cell through the cell membrane. About 3% H2O2 is an important household disinfectant, however the 
same concentration of the reagent has the potential to kill several cells if entered in the human body 
and cause severe health hazards. H2O2 is a metastable oxygen species, decomposes to generate highly 
reactive hydroxyl radicals, the main cause of the peroxide toxicity. Once H2O2 gets inside the cell, it 
oxidizes the Fe(II) in hemeproteins and generates the hydroxyl radicals, which causes DNA damage in 
addition to several other complicated reactions1. Therefore, sensitive, accurate, rapid and reliable 
detection of hydrogen peroxide is utmost important2-6. In recent years, numerous methods have been 
developed for the detection of H2O2, which includes titrimetry7, fluorescence8, electro-
chemiluminescence9, spectrophotometry10 and electrochemistry11. Among these reported methods, the 
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electrochemical method has been widely used owing to its advantages such as accuracy, sensitivity, 
selectivity, low cost, high efficiency greener, fast and most importantly simple for field application3, 12. 
In recent time, the nanocomposite of carbonaceous material such as graphite, graphene oxide, reduced 
graphene oxide and MWCNT have been reported as support for the deposition of metal nanostructures. 
The other hybrid catalysts such as hierarchical Sn3O4 decorated with Ag, Pt, Au, and polymer-metal 
composite have been used in the H2O2 sensor applications because nanoparticles have unique structural 
and morphological properties which improve catalytic activity of sensor13-19. Among these, the silver 
nanoparticles (AgNPs) have gained much attention because of their excellent electrocatalytic activity 
in sensor applications5, 20-26. 
 
      Graphene is a one-atom-thick, single-layer planar sheet of carbon having hexagonal sp2-hybridized 
carbon. The researchers are fascinated towards the use of graphene because of its unique properties 
such as high surface area, electrical, mechanical, thermal, and optical properties27. These exceptional 
properties have made graphene as widely applicable material in various advanced fields such as 
nanoelectronics, sensors, capacitors, drug delivery, hydrogen storage, electromagnetic shield, ceramic 
materials, fuel cells, batteries, solar cell, metal matrix composites as well as conductive paints and inks. 
The sensing capacity of composite material depends upon the size, shape, and monodispersion of metal 
NPs on support material28. Several earlier reports demonstrated that metal NPs supported on graphene 
have a high catalytic activity and high electron transfer rate of metal nanomaterials as compared to 
graphene oxide28, 29-31. As a result, graphene support is useful for achieving high dispersion of AgNPs, 
over and above its particular size and shape32. It was observed that rGO is an excellent support material 
for the development of metal-graphene nanocomposite20-22 The researchers shown that metal 
nanoparticles deposited on reduced graphene oxide has greater advantages in the sensor applications21 
over the other support material due to its improved electrochemical properties.2,20 Recently, AgNPs 
have been synthesized using various physical and chemical methods such as, chemical reduction,12,20,22 
microemulsion/reverse micelles,32 electrochemical reductions,11,33,34 ultrasonic irradiations,4 
Biosynthesis method2,35-36 and photochemical reduction.37 In recent times various publications have 
focused on developing new approach for the synthesis of metal nanoparticles. These publications 
reported complicated catalyst fabrication methods. The preparation of the metal NPs composites with 
controlled morphology of nanostructures in a simple and cost-effective way is challenging. Some of 
the earlier reported methods suffer from drawbacks such as, toxic chemicals, stabilizers, long duration, 
less yield and high cost. To overcome these drawbacks, there is a need of designing cost effective 
electrocatalyst for the fabrication of H2O2 sensors. Additionally, the redox process of Ag to Ag(I) is 
highly labile so it is able to catalyse the reduction process of H2O2 to water. Presence of Ag 
nanoparticles in composite with rGO has the additional advantage of charge mobility through rGO 
network along with getting the platform for the reduction process of H2O2. Besides, good electrical 
conductivity, high surface area and high catalytic activity made AgNPs applicable for catalytic 
reduction process of H2O2 which has been designed in the present case.38-42 
 
     In this paper, we report the novel protocol for synthesis of AgNPs on rGO support without using 
toxic reducing agents, stabilizing agents and heat. In this protocol copper metal foil was used as a 
reducing agent to reduce silver ions into silver nanoparticles and deposited them on rGO. The driving 
force for the reduction of Ag ions by Cu metal is the difference in their standard reduction potential 
(E0Ag+/Ag = 0.79 V & E0Cu2+/Cu = 0.34 V). Furthermore, the oxidized copper ions during the redox 
process were also regenerated by electrochemical deposition and it can be recycled for several times. 
Moreover, so far no attention has been paid for synthesis of AgNPs deposited on reduced graphene 
oxide (rGO) with copper metal as reducing agent for H2O2 sensing application. A non-enzymatic sensor 
was fabricated by modifying glassy carbon electrodes with the prepared AgNPs-rGO, which was 
applied for electrochemical detection of H2O2 (Scheme1). The electrochemical, morphology, chemical 
composition and electrocatalytic activity of the AgNPs decorated rGO nanocomposite was investigated 
in detail and it has been targeted to develop a highly sensitive and selective analytical method with low 
detection limit. 
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Scheme 1. Schematic representation of synthesis of AgNPs-rGO composite and its electrochemical   
application for H2O2. 
2. Results and Discussion 

 

2.1 Structural and morphological characterization of Ag NPs-rGO Composite 

     The UV-Vis reflectance measurements of rGO and the AgNPs-rGO composite were carried out and 
the results are shown in Fig. 1a. The reflectance spectrum of rGO generated two peaks, one with a 
small hump at 252 nm and the other at 313 nm. The peak at 252 nm corresponds to the π to π* electronic 
transition of the double bond present in the rGO sheets, similarly the peak at 313 nm corresponds to 
the n to π* electronic transition of C=O groups remained even after the reduction of the functional 
groups present over GO. Both the peaks however underwent red shifting in the present case compared 
to the expected positions43. The AgNPs-rGO composite also showed peaks at 252 and 313 nm, 
indicating the presence of rGO in the composite. The peak at 438 nm corresponds to the surface 
plasmon band of the AgNPs, confirms the presence of AgNPs in the composite material.43, 44The results 
of the FTIR measurements of GO and rGO are shown in “AgNPs-rGO” composite Fig. 1b. The peak 
at 1730 cm-1 in GO corresponds to the stretching vibration of C=O bond, the C=C bond produced at 
1612 cm-1. The bands at 1222 cm-1 and at 1045 cm-1 correspond to the stretching bands for C-O-C bond 
and C-O bond respectively. The O-H stretching band is observed at 3400 cm-1. Significant decrease in 
the intensities of the bands are observed in rGO, the O-H stretching peak has been reduced significantly, 
similarly the band at 1730 cm-1 also decreased significantly. Decrease of the intensities of the bands 
corresponding to the positions of various functional groups in rGO indicates the successful reduction 
of GO to form rGO. The AgNPs-rGO composites has shown further decrease in the intensities of most 
of the peaks, which indicates that Ag+ interacts with carbonyl groups over rGO substrate.43 These 
residual functional groups remained after the reduction of GO are beneficial in forming the composite 
between rGO and AgNPs. Fig. 2 demonstrates the XRD patterns of rGO, AgNPs and AgNPs deposited 
on rGO. The broad peak exists at 24–28o (002) is ascribed to the rGO sheets restacking into an ordered 
crystalline structure (Fig. 2a). The Fig. 2b, shows the diffraction peaks at 38.1o, 44.4o, 64.8o, 77.7o and 
80.1o correspond to the (111), (200), (220), (311) and (222) lattice planes of the Ag nanoparticles, 
respectively.2 The diffractograms of AgNPs-rGO composites exhibits peaks at 38.1o, 44.4o, 64.8o, 77.7o 
and 80.1o correspond to the (111), (200), (220), (311) and (222) lattice planes of the AgNPs 
respectively, (Fig. 2c).3 It can be also seen from Fig. 2c, the presence of broad diffraction peak (002) 
at 28o is due to the rGO sheets restacking into an ordered crystalline structure. The presence of highly 
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intense Ag peaks and broad rGO peaks (Fig. 2c) reveals that AgNPs–rGO nanocomposite was 
successfully synthesized. The average particle size of the AgNPs can be calculated from the most 
intense (111) diffraction peak according to Scherrer’s equation. The average crystallite size was found 
to be about 32.34 nm. 

 
Fig. 1. (a) The reflectance spectra of rGO and AgNPs-rGO composite (b) FTIR spectra of GO, rGO 
and AgNPs-rGO 
 

 
Fig. 2. X-ray diffraction (XRD) Patterns of (a) rGO (b) AgNPs and (c) AgNPs-rGO composite 
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       In order to obtain information about the morphological properties of the synthesized materials, 
some essential characterizations were conducted. The morphology of the AgNPs-rGO nanocomposite 
was examined by SEM and FE-SEM techniques. Fig. 3a and Fig. 3b shows the SEM and FE-SEM 
images of AgNPs deposited on the rGO support using a metal to metal reduction method. SEM images 
showed that AgNPs are of spherical shape and highly dispersed on rGO support. From Fig. 3a, it can 
be seen that the AgNPs are evenly supported on the surface of rGO without apparent aggregation. The 
morphology of AgNPs-rGO nanocomposite is much diversified, ranging from nanoparticles to 
nanorods and nanoplates (Fig. 3b). Fig. 3b, exhibits plate-like structures with some aggregation of the 
silver nanosheets deposited on the rGO surface. 

  
(a) (b) 

Fig. 3. (a) SEM image and (b) FE-SEM of AgNPs-rGO nanocomposite 
2.2 Electrochemical Behaviour of Modified Electrodes 
 

     Fig. 4 shows the cyclic voltammograms of bare GCE, rGO/GCE and AgNPs-rGO/GCE modified 
electrodes without (a) in 0.1 M PBS (pH 7.0) and with (b) 5 mM H2O2. Fig. 4a, compares the cyclic 
voltammograms bare GCE, rGO/GCE and AgNPs-rGO/GCE modified electrodes in 0.1 M PBS. No 
obvious redox peaks are observed for the bare and rGO modified electrodes. However, two distinct 
redox peaks at the anodic peak potential of 0.46 V and the cathodic peak potential at 0.05 V are 
observed for AgNPs-rGO/GCE modified electrodes. The peaks correspond to the one-electron redox 
process of Ag nanoparticles.2 Fig. 4b, shows the electrochemical response of H2O2 over AgNPs-
rGO/GCE, rGO/GCE and bare GCE electrodes. The AgNPs-rGO/GCE showed significantly higher 
electrocatalytic activity than rGO/GCE. Bare GCE does not produce any significant current for the 
reduction of H2O2. As seen from Fig. 4b, in presence of H2O2, the reduction peak current increased 
indicating that AgNPs-rGO/GCE can be used as the sensor for the electrocatalytic determination of 
H2O2. Since the electrochemical response is improved in the presence of both AgNPs and rGO, the 
overall improved catalytic current of AgNPs-rGO/GCE resulted due to the synergestic effect of both 
AgNPs and rGO. The small particle size of AgNPs with high charge density would have a significant 
contribution towards the reduction of H2O2. After addition of H2O2 to the solution, the small particle 
size of AgNPs with high charge density would have significant contribution towards the reduction of 
H2O2. After addition of H2O2 to the solution, AgNPs are entangled over the surface of the rGO, catalyse 
the reduction of H2O2 to form the reactive oxygen species O-2, further on application of reduction 
potential during the potential scan, Ag(I) is reduced back to the Ag(0) nanoparticles and the reactive 
oxygen species is reduced to water, the mechanism of the process has been symmetrised in the 
equations as below.5,45,55.   
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Ag(0)NPs-rGO + H2O2  →  Ag(I)NPs-rGO + O-2 + 2H+ (1) 

Ag(I)NPs-rGO + O-2 + 2H+ + 2e−  → Ag(0)NPs-rGO  + H2O (2) 

  
Fig. 4. (a) Cyclic voltammograms of bare GCE, rGO/GCE and AgNPs-rGO/GCE in 0.1 M PBS (pH 7.0),  (b) Cyclic 
voltammograms of bare GCE, rGO/GCE and AgNPs-rGO/GCE modified electrode in 0.1 M PBS (pH 7.0) and 5 mM 

H2O2 saturated with N2 at scan rate 50 mVs−1 

2.3 Effect of scan rate on the measurements 
 
     As shown in Fig. 5a, with the increase of scanning rate from 10 to 200 mVs−1, H2O2 reduction 
current gradually increases, it showed a good linear relationship between the current response and the 
square root of the scan rate (Fig. 5b), with linear correlation coefficient R = 0.9979. This indicates that 
the reduction of H2O2 on the AgNPs-rGO modified GCE surface is a diffusion control process.  
 
  

(a) (b) 
Fig. 5. (a) Cyclic voltammograms of AgNPs-rGO/GCE in 0.1 M PBS (pH 7.0) saturated with 5 mM H2O2 N2 at different 
scan rates from 10, 20, 50, 100, 200 mVs-1 respectively (b) The plot of peak current versus the square root of scan rate. 

 
2.4 Electrochemical behaviour of [Fe(CN)6]-3/-4 couple at AgNPs-rGO nanocomposite modified 
electrode 

     The electroactive surface area of electrodes was determined by recording CVs of bare, rGO and 
AgNPs-rGO modified GCE in 20 mM Fe(CN)6-4 with 0.2 M KCl at 20 mVs-1 (Fig. 6). Randles- Sevcik 
equation was used to calculate the electroactive surface area of the electrode. 

Ip = 2.69 × 105 × A × D1/2 × n3/2 × v1/2 × C. 
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where (A) is the area of the electrode (cm2), (D) is diffusion coefficient of the molecule (cm2/s), (n) is 
number of electron transfer in the redox reaction, (v) is scan rate (V/s) and (C) is concentration of the 
analyte solution (mM), respectively. In Fe(CN)6-4/-3 redox system, the value of D is equal to 6.7 × 10-6, 
the n is equal to 1, the v is equal to 0.02 and the C is equal to 10 mM. The electroactive surface area 
(ECSA) of bare, rGO and AgNPs-rGO was calculated as 0.0406 cm2, 0.0650 cm2, and 0.0864 cm2, 
respectively and the results indicates improved electrochemical activity over the modification of bare 
GCE with the modifications by rGO and AgNPs-rGO. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Cyclic voltammograms of Bare, rGO/GCE and AgNPs-rGO/GCE in 10 mM Fe(CN)6
-4 with 0.2 M KCl solution, 

scan rate 20 mVs-1 
 
2.5 Electrochemical impedance spectroscopy of AgNPs-rGO nanocomposite 

    The interfacial charge transfer property of the AgNPs-rGO composite material was studied using 
electrochemical impedance spectroscopy (EIS). The semicircle portion of the Nyquist plot signifies the 
ionic conducting of the materials (Rct) and it is observed in the high frequency range and the linear 
portion implies the diffusion limiting process and observed at the low frequency range. In the present 
study, EIS investigation was carried out to evaluate the qualitative evaluation of electronic property of 
the modified electrodes and the experiment was carried out using potassium ferrocyanide (20 mM) as 
a redox probe at constant applied potential 0.28 V and the frequency range from the 0.01 Hz to 50 KHz 
and amplitude 10 mV. Fig. 7 shows the Nyquist plot of the three electrodes, it was observed that the 
charge transfer resistance (Rct) of AgNPs-rGO was lower compared to rGO and bare GCE. Reduced 
graphene oxide showed lower charge transfer resistance (Rct) compared to bare GCE because rGO 
exhibited higher electrical conductivity than bare GCE. The significant decrease in the charge transfer 
resistance of the AgNPs-rGO composite material indicated that the improvement in the electrochemical 
oxidation of the redox probe due the substitution of Ag nanoparticles.46-47 In addition to the decrease 
in the charge transfer resistance, strong presence of the Warburg component is observed in case of 
AgNPs-rGO/GCE, which indicates the applied potential during EIS measurement is sufficient to satisfy 
the activation requirements and the electrochemical reduction process of H2O2 follows the diffusion 
control in nature. The EIS results thus confirm that the AgNPs-rGO composite could be used as suitable 
electrode material for the non-enzymatic detection of the H2O2. 
 

2.6Amperometric detection of H2O2 at modified AgNPs–rGO electrode 

      Fig. 8a, shows the amperometric current-time response curve for AgNPs-rGO/GCE in N2 saturated 
PBS (pH 7.0) solution for successive addition of H2O2 at constant potential of −0.4 V. It was observed 
that the current response to successive addition of H2O2 is increases proportionately. Furthermore, after 
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every successive addition of H2O2, AgNPs-rGO/GCE rapidly responds to hydrogen peroxide and the 
reduction current significantly increases and reaches to a steady state within 5 s. Fig. 8b, shows a linear 
relation between the reduction current and the concentration of H2O2 with a linear range of 1.5 µM to 
100 mM. The correlation coefficient for the linear correlation using the AgNPs-rGO/GCE was obtained 
as 0.994. The sensitivity of H2O2 modified sensor was 12.73 μA.cm−2.mM-1 of H2O2, the limit of 
quantification (LOQ) of AgNPs–rGO coated GC electrode 6.35 μM and the detection limit 1.90 μM 
estimated at a signal to noise ratio of 3 (S/N = 3). 

 
 

 
 
 
 
 
 
 
 
 
 

 

Fig. 7. Nyquist plots obtained for 20 mM of K3[Fe(CN)6] in 0.2 M KCl at bare GCE, rGO/GCE and AgNPs-rGO/GCE 

  
(a) (b) 

Fig. 8. (a) Steady-state response of the AgNPs–rGO/GCE for successive addition of H2O2 in the stirred 0.1 M PBS (pH 7) 
saturated with N2 at an applied potential of -0.4 V. (b) calibration curve at a concentration range of 0.1µm –100 mM 
 
2.7 Interference study and real sample analysis 
 
      Fig. 9 demonstrates the amperometric response of the AgNPs-rGO/GCE for the consecutive 
addition of H2O2 (10 mM) and Ascorbic acid (AA), Glucose (Glu) and Uric acid (UA) (50 and 100 mM 
each) in N2 saturated 0.1 M PBS (pH 7) at −0.4 V. However, AgNPs-rGO/GCE exhibited considerable 
current response to H2O2, signifying that the modified GCE with AgNPs-rGO has good selectivity for 
H2O2 and good anti-interference capacity to the electroactive substances investigated. These excellent 
properties of AgNPs-rGO made the sensor suitable for practical applications in sensing H2O2. To study 
the application of the modified sensor, a groundwater sample was used for performing the detection of 
H2O2 (Table 1). The determination of H2O2 in the mentioned samples solution was carried out at 
modified sensor by employing standard addition method. The sample was diluted by using 0.1M PBS 
(pH 7.0). Later, H2O2 solution was successively added to the sample solution to measure the current 
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response by using standard addition method. All the measurements were carried out three times. Table 
1 shows the average recoveries of all the measurements. From the above results, it can be concluded 
that the fabricated sensor holds practical applications for the determination of definite concentration of 
H2O2 in routine sample analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Amperometric response of AgNPs-rGO/GCE for the successive addition of 10 mM H2O2 and 50 and 100 mM 
ascorbic acid, glucose and uric acid into 0.1 M PBS (pH 7) saturated with N2 at an applied potential -0.4 V under stirring 
condition. 
Table 1. Determination of H2O2 in real Sample 

Sample Added  (mM) SD RSD % Measured (mM) Recovery % 
1 0.1 0.000811 0.810 0.096 96.00 
2 1.0 0.02085 1.655 0.974 97.40 
3 5.0 0.2948 6.296 5.029 100.58 

 
2.8 Repeatability, reproducibility and stability 
 
      The reproducibility of AgNPs-rGO modified GCE electrode was examined in the presence of 5.0 
mM H2O2 in 0.1 M PBS (pH 7) at N2 saturated condition for five successive modifications of GCE 
with the relative standard deviation (RSD) of about 2.6%. Furthermore, the repeatability of the sensor 
was obtained from the repetitive measurements of 5.0 mM H2O2 solution. It was found that the RSD of 
current responses of one modified GCE for five successive measurements was found to be less than 
4%, suggesting that the modified electrode had high repeatability. Moreover, the current response of 
the modified sensor decreased to 91.2% of its original value after being stored in the refrigerator at 4 
oC for 10 days. The above results indicated the reliability and long-term stability of the fabricated H2O2 
sensor. 
 
2.9 Comparison of Electrocatalytic performance of AgNPs-rGO modified electrode 
 
      Results obtained in this study are compared with the results reported in the literature and placed in 
(Table 2). It was found that the composite materials modified electrode developed in the present 
investigation has higher electrocatalytic activity for the hydrogen peroxide determination. Compared 
with other studies, the sensor exhibits wide linear range, low detection limit and high sensitivity. 

3.  Conclusions  
  
     In summary, a nanocomposite of AgNPs-rGO was successfully synthesized via facile and green 
method. The XRD analysis confirmed the formation of rGO and AgNPs-rGO nanocomposite. Further, 
SEM and FE-SEM analysis showed uniform deposition of AgNPs on rGO sheets with small particle 
size. The AgNPs-rGO/GCE fabricated sensor exhibited excellent electrocatalytic activity towards H2O2 
reduction. The modified H2O2 sensor showed a rapid response to H2O2 concentration variation at an 
optimized working potential of -0.4 V. In addition, the modified H2O2 sensor exhibited high selectivity 
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over interfering species such as uric acid (UA), ascorbic acid (AA) and glucose. The combined effect 
due to the electrocatalytic reduction from the AgNPs with good conductivity and improved surface area 
from the rGO has generated positive synergistic effect in the overall improvement in the reduction 
process of hydrogen peroxide, leading to better sensitivity. It is concluded that the present work 
confirms a low cost, simple, one-step and environment friendly protocol for the preparation of AgNPs–
rGO/GCE nanocomposite, which works as an effective non-enzyme electrochemical H2O2 sensor. 
 
Table 2. Comparison of Electrocatalytic performance of AgNPs-rGO modified electrode. 

Sensors 
Applied 
potential 

(V) 

Linear range 
(mM) 

Detection 
Limit (μM) 

Sensitivity 
µA.mM-1.cm-2 Detection Method Ref. 

Ag-AuNPs/rGO - 0.2 0.1-10 0.57 112.05 Amperometric [2] 
Porous Ag - 0.2 0.5-4.5 29.8 31.8 Amperometric [48] 
AuNPs-GO/Pt  0.4 0.05-4.6 0.025 mM 31.47 Amperometric [49] 
AgNPs-NFs/GCE - 0.48 100 μM-80mM 65.0 ---- Amperometric [50] 
APS(SG)-AgNPs - 0.5 100 μM-1mM 25.0 0.042 µA/μM Amperometric [51] 
AgNPs@GQDs/CS - 0.5 0.1-10 0.10 mM ---- Amperometric [52] 
CS/AgNPs - 0.7 0.1-1.0 50.0 ---- Amperometric [53] 
AgNPs/GQD ---- 0.5 – 50 μM 162 nM ---- Colorimetric [54] 
Ti:CdO/ITO  10-170 μM 4 0.27 μA.μM-1cm-2 Amperometric [55] 
Ag-Au-rGO -0.4 0.1-5 1 ---- Amperometric [56] 
NGNF/MnO2 -0.6 0.1-11 1.25 1096 Amperometric [57] 
CoFe2O4HS/GCE -0.45 0.01-1.2 2.5 17 nAμM-1cm-2 Amperometric [58] 
rGO/CuFe2O4/GCE -0.4 1 μM - 11mM 0.35 265.57 Amperometric [59] 

AgNPs-rGO - 0.4 0.0015-100 1.90 12.73 Amperometric This 
Work 
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4. Experimental 
 
4.1. Materials and Methods 
 
      Graphite fine powder (98%, LR) was purchased from Molychem (India). Sulphuric acid (H2SO4, 
98%, AR) S.D. Fine ltd. (India), Potassium Permanganate (KMnO4, 99%, AR) purchased from 
Qualigens Fine Chemicals (India), Sodium Hydroxide pellets (NaOH, 98%, AR) SD Fine-chem 
ltd.(India), Hydrogen Peroxide (H2O2 30%, AR) Thomas Baker (India), Disodium Hydrogen Phosphate 
Dibasic Dihydrate (Na2HPO4•2H2O), Sodium Dihydrogen Phosphate Monobasic (NaH2PO4), L-
Ascorbic Acid (98%, AR), Silver nitrate (AgNO3 99%, AR) and copper metal foil purchased from SD 
fine-chem industry (India). All the chemicals and reagents were Analytical grade and used without any 
further purification. All samples and other aqueous solutions were prepared in double distilled water. 
 
     The structural characterization of the samples was carried out by using X-ray powder diffractometer 
(XRD; Rigaku, Smart Lab, Japanusing CuKα radiation). The morphological and elemental composition 
study was carried by using Field Emission Gun scanning electron microscope equipped with EDX 
(FEG-SEM, JSM-7600F operated at 10.0 kV) and Ultrasonicator (Oscar Ultrasonic Microclean-103). 
Ultraviolet-Visible and Infrared spectroscopy (UV and IR) measurements were carried out using a 
QE65000 detector from Ocean Optics attached with a reflectance probe. FTIR measurements are 
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carried out using the Tenser II spectrometer from Bruker. Electrochemical measurements were carried 
out at DY2300 Series Potentiostat electrochemical workstation (Austin, TX, USA) with three electrode 
system consists of a bare or modified glassy carbon electrode (GCE, d = 2.0 mm) as working electrode, 
a platinum foil (1×1cm) as a counter electrode and a saturated calomel electrode (SCE) was served as 
a reference electrode. The Cyclic voltamograms were recorded in the potential range from -0.5 to 0.7 
V in 0.1 M phosphate buffer solution (pH 7.0) with scan rate of 50 mVs−1. All potential values included 
in this paper were used against the SCE. Electrochemical impedance spectroscopy (EIS) measurements 
were carried using the PGSTAT 302N from Autolab. 
  
4.2. General procedure 
  
4.2.1      Synthesis of rGO 
  
     The rGO was prepared from natural graphite powder according to the reported method.22 1 g of 
graphite flakes was transferred to the beaker containing 50 mL concentrated sulphuric acid with 
constant stirring in an ice cooled water bath. Then 3 g potassium permanganate was slowly added at 
controlled temperature below 10 oC. After this the suspension was stirred at room temperature for 25 
min. Then suspension was sonicated for 5 min in an ultrasonic bath. The stirring-sonication process 
was repeated for 12 times. Then reaction mixture was quenched by 200 mL distilled water. The 
suspension was ultrasonicated for 2 h. The suspension was divided into two parts: one part is used for 
rGO preparation and the other part was washed with HCl and distilled water. Finally centrifuged and 
dried at room temperature to obtain GO. The pH of second part of the suspension was adjusted to 
around 6 by the addition of 1 M sodium hydroxide solution, the suspension was further sonicated for 1 
h. 100 mL of L-ascorbic acid (10%) was slowly added to the graphite oxide suspension at room 
temperature. The reduction was carried out at 95 oC for 1 h. The resultant black precipitate was filtered 
through Whatman No. 41 filter paper and washed with a 1 M hydrochloric acid solution and distilled 
water to neutral pH. The rGO powder was obtained after drying the residue. 
 
4.2.2      Synthesis of (AgNPs-rGO) composite 
 
      100 mg of previously synthesized rGO was dispersed in 100 cm3 of 10 mM AgNO3 solution (1 
mg/mL) by ultrasonication for 1 h. To this rGO-AgNO3 aqueous suspension, a pure, thin copper metal 
foil (1×5 cm) was immersed and kept under continuous stirring for 1 h at room temperature. After 1 h, 
AgNPs were formed and deposited on the surface of rGO via reduction of Ag+ by copper metal. After 
the completion of redox reaction, (AgNPs-rGO) nanocomposite suspension was separated by 
centrifugation and washed with distilled water and finally with ethanol. The prepared nanocomposite 
then dried at 60 oC. 
 
4.2.3      Fabrication of the H2O2 sensor 
 
    A Glassy Carbon electrode (GCE, d = 2 mm) was polished with 0.3 and 0.05 µm alumina and water 
slurry, followed by rinsing with ethanol, distilled water and then dried in air. After that, 1 mg of 
(AgNPs-rGO) nanocomposite was dispersed in 1 ml of doubled distilled water under ultrasonication 
for 10 min.  Then, for the modification of GCE, 5 µL (1 mg/mL) of this aqueous suspension was 
dropped on the surface of a cleaned GCE and dried in air at room temperature. This modified GCE is 
used for further electrochemical work as a working electrode (H2O2 sensor).  
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