Chapter7: Enhanced electron transfer mediated detection of hydrogen peroxide using silver nanoparticles-
reduced graphene oxide-polyaniline fabricated electrochemical sensor

7.1 Introduction

Hydrogen peroxide (H202) shows broad industrial applications and vital significance
in various environmental, biological, chemical, pharmaceutical and clinical processes (Yao et
al. 2016, Yang et al. 2017). It is created during oxidative stress in cells, the concentration of
which may be used as a primary indicator of reactions. In addition to this, H,O, is also
produced as a by-product of several enzyme-catalysed reactions such as cholesterol oxidase,
glucose oxidase, glutamate oxidase, lactate oxidase etc (Wang et al. 2017). Therefore, the
development of simple and cost effective analytical techniques for the selective and
quantitative detection of H,O, has become an immense challenge after the researcher
engaged in the detection of H,O, (Ensafi et al. 2016). So, far several analytical techniques
such as spectrophotometry (Sunil and Narayana 2008), Fluorimetry (Vasicek et al. 2011),
electrochemical (Akhtar et al. 2014) and chemiluminescence (Lei et al. 2003) have been
employed for the determination of H,O,. Among these, the electrochemical method offers a
rapid and simple approach for the sensitive detection of H,O,. The electrochemical method is
performed through enzyme and non-enzyme based biosensors. Although, the enzyme-based
sensors so far developed, are simple with high sensitivity and selectivity but the instability,
high initial cost, complex immobilization procedure and shorter lifetime has limited the
practical applicability in biosensing applications (Wang et al. 2014). For avoiding these
problems, several studies have been made out to develop non-enzyme based biosensors

having a high and broad range of response.

The development of nanoscience and nanotechnology has offered new avenues for
the application of carbon-based nanomaterial such as graphene (Ambrosi et al. 2014), carbon

nanotube (Yu and Dai 2009), porous carbon (Sillars et al. 2011) etc. in electrochemical



Chapter7: Enhanced electron transfer mediated detection of hydrogen peroxide using silver nanoparticles-
reduced graphene oxide-polyaniline fabricated electrochemical sensor

analysis. Graphene is a sp? hybridized two-dimensional sheet of single-atom thick carbon
which possesses extraordinary chemical, electrical, mechanical properties, rapid electron
transfer kinetics and great electrocatalytic characteristics (Xu et al. 2014). Due to these
characteristics graphene is being widely used in the synthesis of nanocomposite for sensing
applications. The graphene could be prepared by several procedures among which the
reduction of graphene oxide (GO) may be a very promising approach. The reduction of GO
can be performed by several ways such as thermal reduction (Gao et al. 2009a),
electrochemical reduction (Mutyala and Mathiyarasu 2016) and chemical reduction (Wang et
al. 2008). Among these, the reduction of GO by chemical route is the most widely used for
obtaining reduced graphene oxide (rGO). But the major drawback of the rGO is its
agglomeration and reversion to graphite. To overcome these problems, at present the
researchers are focused on the preparation of the nanocomposite of rGO with conducting
polymers which provide stability to it by combining with the oxygenated functional groups.
Therefore, new polymer nanocomposite with superior conducting properties can be obtained
by surface coating of the rGO with conducting polymer due to a synergistic effect. This
effect facilitates the shorter ion diffusion path with n—n interaction which enhances the
transport of electron. Among several conducting polymers, polyaniline (PANI) is considered
as a perfect conducting polymer which has attracted the interest of the researchers because of
its low cost, light weight, environmentally good, high energy density, controllable electrical
conductivity, and faster loading/deloading rate during charge/discharge process (Wang et al.
2016, Wang et al. 2010). But, the lower processing ability and weaker mechanical strength of
PANI and its sensor could be enhanced by fabricating with metal nanoparticles (MNPs). The

MNPs-rGO-PANI can modify the transfer of an electron to a greater extent which owed to
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the strong electronic interaction among MNPs, rGO, and PANI. Several nanocomposites
containing MNPs, rGO, and PANI have been prepared which corroborated the enhanced
electrocatalytic activity as compared to pure graphene, PANI, and MNPs. For example,
Zheng et al., 2016 has prepared the CuNPs/graphene/PANI nanocomposite for highly
sensitive electrochemical sensing of glucose (Zheng et al. 2016). Ghanbari, & Moloudi, have
detected uric acid and dopamine using ZnO/rGO/PANI nanocomposite (Ghanbari and

Moloudi 2016).

In the current work, AgNPs-rGO-PANI nanocomposite was prepared to detect H,0,
by an electrochemical technique where the rGO was first modified with PANI to avail the
hydrophilic functional -NH; groups which facilitated the decoration of AgNPs on rGO-PANI

and formed AgNPs-rGO-PANI nanocomposite.

7.2 Materials and methods

The synthesis of AgNPs, GO, rGO, AgNPs-rGO-PANI and AgNPs-rGO-PANI-GCE
is given in chapter 2 under section 2.3. The experimental details of the electrochemical
detection of H,O, by prepared electrode is also given in chapter 2 under section 2.5
Schematic diagram of AgNPs-rGO-PANI-GCE fabrication and detection of H,O; is shown in

scheme 7.1 A and B.

7.2.1 Experimental methodology

The UV-Visible spectrophotometer (Evolution 201, Thermo Scientific) was used for
preliminary study of AgNPs in the range of 300 to 800 nm. The involvements of various
functional groups were investigated using Fourier transform infrared spectrophotometer

(FTIR, Perkin Elmer Spectrum 100) in the range of 4000-400 cm™.
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Scheme 7.1 Schematic representation of preparation of (A) AgNPs-rGO-PANI
nanocomposite, (B) AgNPs-rGO-PANI-GCE

The X-ray Diffractometer (Rigaku Miniflex II) having Cu Ka radiation source and Ni

filter was applied to investigate the crystallinity of the synthesized AgNPs in the range of 20°
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to 80° and at a scanning rate of 6° min~' with 0.02° of step size. Primarily, the size and shape
of the AgNPs was investigated using Field Emission Scanning Electron Microscopy with
Energy-dispersive X-ray (FE-SEM-EDX, Hitachi H-7100). The elemental speciation and the
purity were confirmed by EDX analysis. The Transmission Electron Microscopy (TEM,
TECNAI 20 G2) at accelerating voltage 200 kV was used to confirm the shape and size of
the biosynthesized AgNPs. The Selected Area Electron Diffraction (SAED) demonstrated the
concentric diffraction rings which also confirmed the crystallinity of the synthesized AgNPs.
The X-Ray Photoelectron Spectroscopy (XPS, AMICUS, Kratos Analytical, A Shimadzu)
with Mg Ka (1253.6 eV) radiation as an X-ray source was conducted for the speciation of the
nanocomposite.

The electrocatalytic activity of AgNPs-rGO-GCE and AgNPs-rGO-PANI-GCE was
investigated by an electrochemical technique. Cyclic voltammetry (CV), amperometric
determination and electrochemical impedance spectroscopy (EIS) were performed on a three
electrode system assembly in the single chamber pyrex glass cell. potentiostat/galvanostat
(Biologic M150) was used to take electrochemical measurements. A platinum foil (8 cm?)
was used as a counter electrode, saturated calomel electrode (SCE) as a reference electrode

and GCE as a working electrode.

7.3 Results and discussion
7.3.1 Characterization

The primary confirmation of the formation of AgNPs, GO, rGO, PANI, rGO-PANI
and AgNPs-rGO-PANI nanocomposite was performed by UV- visible spectroscopy which is
shown in Figure 7.1A-F. The spectrum of AgNPs revealed a sharp peak at 427 nm which

was due to its characteristic surface plasmon resonance (SPR) with Amax in the range of 400-
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500 nm (Kumar et al. 2016) (Fig 7.1A). The UV-visible spectra shown in Figure 7.1B

represented the characteristic peak of GO at 230 nm and 300 nm which corresponded to the

n—n" transition of C=C and n-n" transition of C=0

respectively (Khanra et al. 2012).
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Figure 7.1 UV-visible spectra of (A) AgNPs, (B) GO, (C) rGO, (D) PANI, (E) rGO-

PANI, and (F) AgNPs-rGO-PANI
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The absorption spectrum of rGO shown in Figure 7.1C corresponded to the
n—n" transition of C=C bond with a red shift to 270 nm which clearly indicated the reduction
of GO into rGO as well as restoration of C=C bond in the rGO sheet (Gupta and Saha 2012).
The UV-visible spectrum of PANI shown in Figure 7.1D revealed the presence of three
peaks at 355 nm, 440 nm, and 880 nm which corresponded to n—=" transition, polaron, and
bipolaron band transition of PANI. These three peaks confirmed the presence of a protonated
emeraldine salt form of PANI (Abdulla and Abbo 2012, Flavel et al. 2009). The peak at 270
nm, 355 nm, 440 nm and 782 nm confirmed the grafting of PANI at the sheets of rGO (Fig.
7.1E). Figure 7.1F corroborated the UV-visible spectrum of AgNPs-rGO-PANI where the
peak of PANI present at 355 nm and 782 nm shifted to 376 nm and 778 nm respectively. The
shifting in these peaks showed the interaction of AgNPs with the PANI grafted at the surface

of rGO to form AgNPs-rGO-PANI nanocomposite.

The FTIR spectra were recorded to investigate the presence of different functional
groups in AgNPs, rGO and PANI as well as their interaction in rGO-PANI, and AgNPs-rGO-
PANI nanocomposite which is shown in Figure 7.2. The FTIR spectrum of green
synthesized AgNPs showed the absorption bands at 3430 cm™, 2926 cm™, 2858 cm™, 1628
cm™, 1385 cm™, and 1061 cm™. The bands at 3430 cm™, 2926 cm™ and 2858 cm™ were due
to the presence of stretching vibration (vs) of OH, C=C-H, and C-C-H respectively. Whereas
the bands at 1628 cm™, 1385 cm™, and 1061 cm™ were due to the presence of vs of C=C,
C=C and O-C respectively which were same as that of peaks present in tannic acid and AEC
discussed in chapter 4. This corroborated the involvement of tannin in the AgNPs
biosynthesis. The FTIR spectrum of GO revealed the presence of characteristic bands at 3409

cm™ (vs of OH), 2927 cm™ (vs of sp® hybridized C-H), 2852 cm™ (v, of sp® hybridized C-H),
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1735 cm™ (vs of C=0 carbonyl), 1665 cm™ (vs of C=C), 1374 cm™ (v, of C-OH), and 1050
cm™ (vs of epoxide). Whereas the FTIR spectrum of rGO revealed the development of a new

peak at 1565 cm™ (sp? hybridized C=C) and disappearance of peak at 1050 cm™.
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Figure 7.2 FTIR spectra showing the various functional groups present in AgNPs, GO,
rGO, PANI and their involvement in the preparation of rGO-PANI, and AgNPs-rGO-

PANI nanocomposite

The disappearance of 1050 cm™ (uvs of epoxide), as well as appearance of a peak at
1565 cm™ (sp? hybridized C=C), confirmed the successful reduction of GO to rGO. The
FTIR spectrum of PANI represented the absorption bands at 3421 cm™, 1570 cm™, and 1156

cm™. The bands present at 3421 cm™ was due to N-H vs of PANI.
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The bands present at 1570 cm™ and 1156 cm™ attributed to C=C stretching
deformation of the quinoid ring and aromatic C-H in plane bending (Gao et al. 2009b). These
characteristics bands confirmed the existence of emeraldine salt phase of pani (Jain et al.
2016). The FTIR spectrum of rGO-PANI showed the characteristics bands of rGO and PANI
at 3432 cm™ (vs of NH), 2923 cm™ (vs of C=C-H) 1618 cm™ (vs of C=C), 1381 cm™ (vs of
C=C), and 1013 cm™ (vs of C-N). The presence of these bands revealed the successful
coating of PANI at the sheets of rGO. The observed band of AgNPs at 862 cm™ attributed
N=C stretching of an aromatic amine and metal interaction which advocated the adherence of
AgNPs with PANI deposited at the sheets of rGO. Such an interaction of PANI, a sheet of

rGO and AgNPs confirmed the formation of AgNPs-rGO-PANI nanocomposite.

To further investigate the crystalline nature of the synthesized AgNPs, rGO, PANI
and formation of rGO-PANI and AgNPs-rGO-PANI nanocomposites, XRD analysis was
carried out which is shown in Figure 7.3 The XRD data were obtained in the angular range
20° < 20 < 80° at 6° min™ of scanning rate and 0.02° of step size. The XRD spectrum of
AgNPs depicted the diffraction peaks at 20 = 38.09°, 44.04°, 64.26°, and 77.26°. These peaks
were matched with the JCPDS file n0.040783 for the standard diffraction data of AgNPs
which attributed to the (111), (200), (220) and (311) Bragg’s reflections. These Bragg’s
reflections advocated the crystalline planes of metallic silver with face-centered cubic (fcc).
The XRD spectrum of GO revealed the most apparent diffraction peak centered at 26 = 10.9°
which corresponded to the 002 Bragg’s reflections with significantly expanded d-spacing of
0.83 nm comparatively 0.34 nm for pristine graphite. The comparatively larger d-spacing of
rGO than pristine graphite advocated the intercalation of different oxygen bearing functional

groups and water molecules between the graphitic layers. After reduction, the diffraction
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peak observed at 260=10.9° disappeared and broad peaks centered at 26=23.9°, and 43.0° was

observed which attributed to (002) and (011) Bragg’s reflections respectively with d-spacing

of 0.418 nm. The decreased d-spacing of rGO strengthened the fact of the removal of

oxygen-bearing functional groups.
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Figure 7.3 XRD patterns showing the characteristics peak of AgNPs, GO, rGO, PANI,

rGO-PANI, and AgNPs-rGO-PANI nanocomposite.
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In addition to this, the broad peaks suggested the amorphous nature along the stacking
direction of rGO sheet and the presence of layers of rGO which were different from of
crystalline graphite and GO. The X-Ray diffraction pattern of PANI showed the diffraction
peaks at 20 =14.7°, 20.9° and 25.0°. These peaks corresponded to the (011), (020) and (200)
Bragg’s reflections respectively which advocated the crystalline planes of emeraldine salt
form of PANI (Yan et al. 2010). The XRD spectra of rGO-PANI nanocomposite
corroborated the presence of only two characteristics peaks of rGO at 24.6° and 43.3°. The
XRD spectra of AgNPs-rGO-PANI revealed the presence of characteristic peak of rGO and

AgNPs which confirmed the formation of AgNPs-rGO-PANI nanocomposite.

The morphology of the AgNPs, rGO, PANI, rGO-PANI and AgNPs-rGO-PANI was
investigated through FE-SEM analysis. Figure 7.4A clearly showed that the spherical
AgNPs were distributed throughout the mass of the sample. The purity of AgNPs was
analyzed using FE-SEM with Energy Dispersive X-ray analysis (EDX). The EDX analysis
produced a strong spectral signal of silver (Ag) at 3 keV which advocated the presence of
silver nanocrystallites (Fig 7.5A). The EDX analysis also corroborated the presence of
distinct spectral signals for carbon and oxygen which corresponded to the biomolecules of
AEC adhered at the surface of AgNPs. Figure 7.4B showed FE-SEM image of rGO which
confirmed the sheet-like structure of rGO. The corresponding EDX spectra of rGO shown in
Figure 7.5C revealed the presence of carbon and oxygen signals with 91.46 wt% and 8.54
wt% respectively whereas the EDX spectra of GO revealed 70.46 wt% carbon and 29.54
wt% oxygen (Figure 7.5B). The decreased amount of oxygen (8.54 wt %) in rGO than GO

(29.54 wt %) also advocated the reduction of GO to rGO. Figure 7.4C showed the flake-like
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structure of PANI which was advocated by the presence of a strong spectral signal for

carbon, oxygen, chlorine and nitrogen in the corresponding EDX spectra (Figure 7.5D).

Figure 7.4 FE-SEM images of (A) AgNPs, (B), rGO, (C) PANI, (D) rGO-PANI, (E and
F) AgNPs-rGO-PANI

FE-SEM image of rGO-PANI nanocomposite showed the distinct change in
morphology rather clear sheet of rGO. This clearly showed the fabrication of PANI at the

surface of rGO (Figure 7.4D). It is obvious from the Figure 7.5E that the characteristics
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spectral signals for rGO and PANI were present in the rGO-PANI nanocomposite. Figure
7.4E and F showed the FE-SEM images of AgNPs-rGO-PANI which revealed the
distribution of AgNPs at the surface of rGO-PANI. The figure illustrated the successful
preparation of AgNPs-rGO-PANI nanocomposite which was advocated by the presence of
the spectral signal of carbon, oxygen, chlorine, nitrogen and silver in the corresponding EDX

(Fig. 7.5F).
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Figure 7.5 EDX spectra of (A) AgNPs, (B) GO, (C) rGO, (D) PANI, (E) rGO-PANI, and
(F) AgNPs-rGO-PANI

The XPS analysis of the AgNPs-rGO-PANI was performed to examine the elemental
composition and their different possible bonding interactions. The wide scan spectrum of

AgNPs/rGO/PANI is shown in Figure 7.6A. The wide scan spectrum represented the peaks
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corresponding to Cl 2p, C 1s, Ag 3d, O 1s and N 1s which depicted ClI, C, Ag, O and N as
constituent elements present in the AgNPs-rGO-PANI nanocomposite. Curve fitting of the
core level C 1s spectrum showed four Gaussian peaks at 285.59, 287.30, 288.8 and 289.98

eV which assigned to C-C, C-N, C=N/C=0/C-Ag, and O—C=0 respectively Figure 7.6B).
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Figure 7.6 XPS spectra of AgNPs showing (A) wide scan (B) C 1s spectrum (C) Ag 3d
spectrum (D) N 1s spectrum, (E), O 1s, (F) Cl 2p

Figure 7.6C depicted the Ag 3d core level spectrum of AgNPs. The Ag 3d spectrum

of Ag corroborated two peaks at 369.50 and 375.40 eV which corresponded to the binding
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energies of Ag 3ds, and Ag 3ds, respectively. The splitting of the 3d doublet of Ag (5.90
eV), indicated the formation of metallic AgNPs (Ag®) (Kumar et al. 2017). The high-
resolution curve fitted XPS spectrum of N 1s is shown in Figure 7.6D. The spectra
represented five peaks of N 1s centred at 397.0, 399.0, 401.0, 405.0, and 407.0 eV. The peak
at 397.0 eV was due to the presence of —-NH of PANI grafted at the rGO sheets. The peak
centered at 399.9 eV advocated the pyridinic nitrogen attached with AgNPs whereas the peak
at 401.0 eV suggested the graphitic nitrogen of rGO. The peaks at 405.0 and 407.0 eV
represented to the r excitation, and nitrate residue of AgNO; salt used for AgNPs synthesis
respectively. (The O 1s core level spectrum fitted into an individual component is
represented in Figure 7.6E which showed three peaks of the O 1s at 531.4, 532.3, and 533.1
eV. The peak at 531.4 eV indicated the presence of, C=0 whereas the peaks at 532.3 eV and
533.1 eV represented to the C-OH/C-O-C and O=C-O respectively. Figure 7.6F
represented the XPS spectrum of Cl 2p with two peaks at 198.02 eV and 201.2 eV which

were due to the metal and organic chloride respectively.

7.3.2 Electrochemical detection of Hydrogen peroxide (H,O5)

CV and amperometric responses of AgNPs-rGO-GCE, AgNPs-rGO-PANI-GCE were
performed in 0.1M PBS solution containing 0.5 M KCI at pH 7. The amperometric response
of AgNPs-rGO-PANI-GCE in PBS in the presence of H,O, at pH 7 led to the appearance of
the response current at -0.4 V. All the CV and amperometric response experiments related to
the H,O, detection were carried out in nitrogen atmosphere. The electrochemical impedance
spectroscopy (EIS) was performed by applying the frequency in the range of 0.01-105 Hz at

open cell potential.
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The electrocatalytic reduction of H,O, with an AgNPs-rGO-GCE system has been
studied extensively due to its similar behavior with artificial peroxidase (Zhan et al. 2014,
Shahid et al. 2016). However, the detection of a precise cathodic current by examining the
contribution of the PANI in the AgNPs-rGO nanocomposite plays an essential role that
allows the selective detection of preferred analytes in several practical applications. In the
current work, the AgNPs-rGO-PANI composite modified GCE was employed as a simple
electrochemical sensor for the rapid determination of H,O, cathodically, through the

involvement of PANI in AgNPs-rGO-PANI nanocomposite.

7.3.3 Electrochemical characterization of AgNPs-rGO-PANI-GCE
7.3.3.1 Cyclic voltammograms (CV)

Figure 7.7A showed the cyclic voltammograms of the bare GCE, AgNPs-rGO-GCE,
and AgNPs-rGO-PANI-GCE carried out at a 50 mV/s scan rate and -0.6 to 0.6 V potential
range in 0.1 M PBS (pH 7.0). The bare GCE did not show any significant redox whereas the
AgNPs-rGO-GCE and AgNPs-rGO-PANI-GCE showed a distinct pair of redox peaks at the
potential of 0.06 V and -0.4 V which corroborated the oxidation and reduction of AgNPs
(Hsieh et al. 2011, Ji et al. 2015, Zhang et al. 2015a). As shown in Figure 7.7B and C it was
found that the reduction current increased for both the electrodes with the addition of 1 mM
H,O,. However, the composite AgNPs-rGO-PANI-GCE showed a drastic increase in
reduction current which indicated its better electrocatalytic activity towards H,O, than
AgNPs-rGO-GCE (Fig. 7.7C). It was also observed that with the increase in the H,O,
concentrations from 1 mM to 7 mM, the peak current of AgNPs-rGO-PANI-GCE towards

the reduction of H,0, increased (Fig. 7.7D).
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Figure 7.7 (A) Combined cyclic voltammetry of bare GCE, AgNPs-rGO-GCE, AgNPs-
rGO-PANI-GCE in 0.1 M PBS pH 7.0 containing 0.5 M KCl at 50 m Vs™ scan rate, (B)
cyclic voltammograms of AgNPs-rGO-GCE, (C) and AgNPs-rGO-PANI-GCE in the
absence (1) and presence (2) of 1 mM H,0O, in 0.1 M PBS pH 7.0 containing 0.5 M KCI
at 50 m Vs* scan rate, (D) CVs of AgNPs-rGO-PANI-GCE in 0.1 M PBS, pH 7.0
containing different concentrations of H,O, (from 0 to 7 mM)

The presence of PANI at the AgNPs-rGO-PANI-GCE favored the transfer of electron
to H,O, during electrocatalytic reduction. The major role played by the PANI is to facilitate
larger surface area for the specific interaction with the targeted analyte (H,O,) so that it may
enhance the electron-transfer kinetics during its electrocatalytic reduction. Such findings

provided the valuable information on the use of AgNPs-rGO-PANI-GCE as an electrode
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modifier; the presence of PANI along with AgNPs-rGO-GCE character increased the
analytical performance.

Based on previously reported mechanism (Zhan et al. 2014, Lorestani et al. 20153,
Tian et al. 2014), the electrocatalytic reduction of H,O, on electrocatalyst occurred according

to the following mechanism:

.
H,0,+ AQNPS ——— » OHags + OH

OHas + AgNPs +H* — & L H,0+% 0,

OH,4s + OH" OH" + OH’

H,O + 1/2 OZJ

Scheme 7.2 Schematic representation of the mechanism of H,O, reduction

According to the first equation, the adsorbed H,O, on the AgNPs gained an electron
from it and produced adsorbed OH (OH)ags and OH" as shown in scheme 7.2. After that, the
(OH)ags received another electron from AgNPs and produced H,O. Herein; the reduction rate

depends mainly on two factors: (1) the adsorption of H,O, at the surface of electrocatalyst
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and (2) transfer of an electron from electrocatalyst to (OH)a.g. Therefore, the property of
enhancement of adsorption and electron transfer of electrocatalyst is necessary for the

electrocatalytic reduction of H,0,.

7.3.3.2 Effect of scan rate

The effect of varying scan rates on the potential and peak current was studied at
AgNPs-rGO-PANI-GCE (Fig. 7.8A). The study did not show any change in oxidation and
reduction peaks. The shifting of the oxidation and reduction peaks was observed towards the

higher and lower potential respectively.

25 24
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—30m vs-1 18 R“=0.995
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Figure 7.8 (A) Cyclic voltammetry curve of AgNPs-rGO-PANI-GCE at different scan
rates in PBS (0.1 mM, pH 7.0, 0.5 M KCI), (B) linear variation of anodic and cathodic
peak current vs. square root of scan rates

This shifting was due to the transport of faster ion and electron between the interface
of the AgNPs-rGO-PANI-GCE and electrolyte at the higher scan rate. The anodic and
cathodic peak currents and the square root of scan rates from 10 to 100 mV/s™ showed a linear

relationship with correlation coefficients (R%) of 0.99 and 0.96 respectively (Fig. 7.8B). This
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concluded that the reaction at the AgNPs-rGO-PANI-GCE was the surface controlled process

(He et al. 2015, Lin et al. 2009).

7.3.3.3 Electrochemical impedance spectroscopy of AgNPs-rGO-GCE and AgNPs-rGO-
PANI-GCE

The EIS technique has been used for measuring the resistance of the modified
electrode as a function of frequency because of variation in the interfacial properties. Figure
7.9 showed the Nyquist plots of the AgNPs-rGO-GCE, AgNPs-rGO-PANI-GCE and bare

GCE obtained in PBS [0.1 mM, pH 7.0, 0.5 M KCI].

e « GCE
e AgNPs-rGO-GCE
8 4 e AgNPs-rGO-PANI-GCE
—~ 6 -
£
£
L.
4 L
g, . : : * i .
i\gl ’0.' o e ' .'o
v 24 - ... ..
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Figure 7.9 Electrochemical impedence spectroscopy of AgNPs-rGO, AgNPs-rGO-PANI
modified electrode and bare GC electrode in PBS (0.1 mM, pH 7.0, and 0.5 M KCI)

The diameter of semicircle gives the value of charge transfer resistance (Rc), which
intern reveals towards the electron-transfer kinetics occurring at the electrode interface. It is
observed that the value of Ry in case of AgNPs-rGO-PANI-GCE was lower (9 Q) as

compared to AgNPs-rGO and blank GCE (27.5 and 37 Q), revealing that AgNPs-rGO-PANI-
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GCE given the more electroactive surface area and facilitated the electron transport between

the medium and electrode (Zhang et al. 2015b).

7.3.3.4 Amperometric determination of H,O;

The quantitative determination of H,O, was performed by recording the
amperometric response on AgNPs-rGO-PANI-GCE by the addition of varying
concentrations (0.01 uM to 1000 uM) of H,0, in 0.1 M PBS (pH 7.0) at a working potential

of -0.4 V vs. SCE.

0.0 -17
-3.3 134
i 6.7 <104
2 =
g g
5.10.0 £ 5
3 : 3 -7
-13.3 1 -3 1
-16.7 T T T T T T T T T 0 T T T T T
0 50 100 150 200 250 300 350 400 450 500 0.0 0.2 0.4 0.6 0.8 1.0
t/s [HzOz] /I mM

Figure 7.10 (A) Amperometric response of AgNPs-rGO-PANI-GCE on increasing the
concentrations of H,O; by 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, 200, 500,
1000 pM in 0.1 M PBS, pH 7.0 at -0.4 V vs. SCE, (B) the corresponding calibration
curves for H,O, analysis

On the basis of the voltammetric results explained above, the amperometric
measurement was performed to analyse the performance of AgNPs-rGO-PANI-GCE towards
the electrochemical detection of H,O,, Figure 7.10A showed a typical current-time plot for
H,0, detection on AgNPs-rGO-PANI-GCE by successive addition of H,O, concentration. It

was observed that the when H,O, was added into the stirring PBS, the response current was
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found to be increased rapidly and reached a steady state within 5 sec which indicated a fast

amperometric response towards the reduction of H,O..

The plot of current vs. concentration of H,O, showed a linear relationship in the
range of 0.01 to 1000 uM with a high correlation coefficient (R* = 0.99) while the detection
limit was estimated to be 50 nM based on a signal-to-noise ratio (Fig 7.10B). The sensitivity
was calculated as 14.7pA mM™ cm™, indicating a great potential as a non-enzymatic H,0,
sensor. The performance of AgNPs-rGO-PANI-GCE based H,O; sensors was compared with
the previously reported AgNPs based sensors as shown in Table 7.1.

Table 7.1 The comparison of previously reported analytical performance of non-
enzymatic H,O, sensors

Working electrode Linear range Detection limit Reference
(mM) (LM)
AgNPs/GCE - 2 Welch et al.
2005
Ag nanowire-GC 0.05-10.35 10 Hsieh et al.
2011
Ag-graphene-GC 0.1-40 28 Liu et al.
2010
Ag NPs/3DG 0.03-16.21 14.9 Zhan et al.
2014
GO-Ag/ GCE 0.1-11 28.3 Shahid et al.
2016
AgNPs-CNT-rGO/GCE 0.01-10 1 Zhang et al.
2015a
AgNPs/PANINFs 0.1-60 0.25 Mahmoudian
et al. 2014
AgNPs/rGO/PANI 0.1-80 7.1 Zhong et al.
2013
AgNPs—MWCNT- 0.1-100 0.9 Lorestani et
rGO/GCE al. 2015b
PpyNFs-AgNPs- 0.1-5 1.099 Nia et al.
rGO/GCE 10-90 0.085 2015
AgNPs-rGO-PANI-GCE 0.01-1 0.05 Present work
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It was observed that the AQNPs-rGO-PANI-GCE had a wider linear range and lower
detection limit. The lower detection limit obtained in present work was lower than, the
previously reported work which showed good performance as a non-enzymatic amperometric

sensor for H,0..

7.3.3.5 Interference study

The influence from common interference species such as ascorbic acid (AA),
dopamine (DA) and glucose was also investigated. Fig. 7.11 revealed that when AA, DA and
glucose (0.5 mM) were added in 0.1 M PBS (pH 7.0) at a working potential of 0.4 V vs.
SCE, the AgNPs-rGO-PANI-GCE did not show any amperometric response. Whereas when
H,0, (1 mM) was added it showed a strong amperometric response which confirmed the

selectivity of the AgNPs-rGO-PANI-GCE towards H,O..

i H
{ (0.5mM) : 202
Dopamine Glucose  yric acid (1 mMm)
Ascorbic acid  (0-5mM) (0.5 mM) (0.5 mm)
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Figure 7.11 Amperometric response of AgNPs-rGO-PANI-GC electrode towards H,0;
and various interferential compounds (ascorbic acid, dopamine and glucose) in 0.1 M
PBS (pH 7.0)
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7.4 Conclusion

In the present study, we have constructed the AgNPs-rGO-PANI nanocomposite as a
simple electrochemical sensor towards the sensitive and selective detection of H,O,. Several
instrumental techniques like UV-vis, FTIR, XRD, SEM, EDX, and XPS were used for the
characterization purpose which advocated the successful synthesis of AgNPs, GO, rGO,
PANI, rGO-PANI and AgNPs-rGO-PANI nanocomposites. Thus obtained AgNPs-rGO-
PANI nanocomposite was loaded (0.5 mg/cm?) on glassy carbon electrode (GCE) with 0.2
cm’ active surface area for the investigation of electrochemical properties. The AgNPs-rGO-
PANI-GCE showed an excellent electrocatalytic performance on the reduction of H,O,. The
amperometric current (LA) vs time (sec) curve displayed a linear range of 0.01 - 1000 uM
(R?=0.99) with the low detection limit of 50 nM toward the electrochemical sensing of H,0,
which was due to the direct electronic interaction of AgNPs with N atom of the PANI
backbone on the rGO sheet. This interaction enhanced the electron transfer kinetics during
the electrochemical reduction of H,O,. High sensitivity, selectivity, wide linear range and
low detection limit made the AgNPs-rGO-PANI-GCE as an excellent amperometric sensor

for the detection of H,O.,.
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