CHAPTER YV

EFFECT OF SILVER NANOPARTICLES ON POLYMER BLENDED REDUCED
GRAPHENE NANOHYBRIDS AS A VERSATILE ELECTROCHEMICAL
SENSOR FOR THE DETECTION OF p-AMINOPHENOL

5.1 INTRODUCTION

In recent years, polymer nanocomposites have become a vital focus in the
polymeric field. Owing to their outstanding properties and potential applications
most of the researches are focused on polymer-matrix nanocomposites [1].
Graphene, a 2D sp? hybridized carbon atoms densely arranged in an honeycomb
lattice has attracted enomorous attention in scientific and research areas due to its
extraordinary properties like high electron mobility, mechanical stiffness, electronic
transport and high electrical conductivity [2]. Graphene oxide (GO) is one of the
most important derivatives of graphene, consisting of a layered structure with a
hexagonal ring of carbon network and oxygen functional groups bearing on the basal
planes and edges, that are well dispersed in multiple polar mediums [3-4] . These
properties make them ideal candidates for modifying agents for polymers. The
integration of nanomaterials in a polymer matrix has opened up a new and
interesting area in research field [5]. Chitosan is a 2-amino-2-deoxy-(1, 4)-p-D-
linked polyaminosaccharide natural biopolymer, normally obtained by the alkaline
deacetylation of chitin. The activities of its free amino groups are much higher than
its hydroxyl groups which are feasible for chemical modifications under normal
conditions. The chitosan-functionalized reduced graphene oxide electrode facilitates
the electron transfer rate at the electrode surface through the n-x stacking interaction
and electrostatic attraction, thus enhances the electrochemical performance for
sensing applications. [6].The deposition of inorganic materials such as metallic,
semiconducting and insulating nanoparticles onto the graphene nanosheets increases
the surface area and active sites for binding analyte. The conductivity as well as the
mechanical strength of the biosensor exhibits a greater sensitivity for the detection
of a variety of biomolecules [7]. Over the past few decades, silver nanoparticles

have been focused intensively due to their unique properties such as electrical,
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optical, sensing, catalytic, antibacterial properties that differ from that of bulk

materials [8].

An aromatic phenolic compound, p-aminophenol (p-AP) has been primarily
used in various industrial fields such as petroleum, dye, polymers and also for the
production of paracetomol [9]. However, it is a hydrolytic product of acetaminophen
that has serious nephrotoxic and teratogenic effects and has been observed as a
synthetic intermediate, which is dangerous to human body that causes irritation to
eyes, skin, and respiratory system [10]. Due to its nephrotoxicity, it has a great
ability to cause methemoglobinemia in animals. It is treated as an environmental
pollutant as it has high release in petroleum additives, chemical inhibitors and dye
stuff [11]. Thus the excessive residual of p-AP in environment should be strictly
controlled. Therefore, monitoring and selective determination of p-aminophenol
becomes more significant to both environmental and human safety aspects. Numbers
of methods are used for the determination of p-AP such as HPLC,
spectrophotometry, — micellar  electro  kinetic ~ chromatography, capillary
electrophoresis and optical fibre reflectance sensor. In this present work,
electrochemical method is employed because of their low-cost, simplicity, rapid

detection, high sensitivity and selectivity [12].
5.2. EXPERIMENTAL PROCEDURE
5.2.1 Reagents
Silver nitrate (AgNo3), sodium hydroxide (NaOH), sodium borohydride

(NaBH,), p-aminophenol are of analytical grade, purchased from sigma Aldrich and

are used as received without\ further purification
5.2.2 Synthesis of reduced graphene oxide/ chitosan/Silver nanocomposites

The rGO/CS/Ag nanocomposites are synthesized by dispersing the as
prepared rGO/CS solution (as discussed in chapter 2) in 50ml of distilled water by
ultrasonication for 1hour to form the aqueous rGO/CS solution [13-14]. The various
concentrations of silver nitrate solution (0.002 M, 0.004 M, 0.006 M, 0.008 M and
0.01 M) are stirred separately for 1hour. The stirred silver nitrate solution is then
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added dropwise into the above dispersed rGO/CS solution under constant stirring.
After 1hour of stirring NaBH, solution (25 mg) is added dropwise into the above
mixture. This reaction mixture is stirred vigorously for 4 hours at 60° C. Thus the
formed solution is left undisturbed and the resultant supertant is filtered and washed
with distilled water. It is then dried in oven for 4hours at 60° C [15-16].

5.3. RESULTS AND DISCUSSION

5.3.1 FT-IR Spectral Analysis
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Figure 5.1 (a-e) FT-IR spectral analysis for various concentrations (a) 0.002 M
(b) 0.004 M (c) 0.006 M (d) 0.008 M and (e) 0.01 M of silver nanoparticles on

the surface of rGO/CS nanocomposites

FT-IR is used to investigate the bonding interactions between the prepared
nanocomposites. Figure 5.1 (a-e) shows the FT-IR spectral analysis for various
concentrations of silver nitrate 0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M on
the surface of rGO/CS nanocomposites. It is observed from Figure 5.1 (a-e) that the
band at 3436 cm * corresponds to the stretching vibration of O-H group. The sharp
intense band at1648 cm* of chitosan attributes to the carbonyl stretching of amide

groups. The weak band at 1382 cm™ denoted the symmetric deformation vibrational
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mode of C-OH group. The band at 1056 cm™ is due to the alkoxy C-O stretching
vibrations. The band formed around 590 cm* confirms the presence of metallic
vibrations in the prepared rGO/CS/Ag nanocomposites [17-18]. On comparing the
band of rGO/CS with rGO/CS/Ag the intensity of band at 1648 cm™ decreases with
an increase in the intensity of the band at 1056 cm™ which clearly indicates the
interaction of amide group of chitosan with silver ions. It is further observed that on
increasing the concentration of silver nitrate from 0.002 M to 0.01 M, the intensity
of band gets shifted to lower wavenumber indicating the strong interaction between
rGO/CS and Ag. It is also observed that on further increasing the concentration of
silver nanoparticles the broadness of the bands also increases. These results clearly
indicate that silver nanoparticles have been well interacted on the surface of rGO/CS

nanocomposites.

5.3.2 XRD Structural Analysis
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Figure 5.2 (a-e) XRD pattern for various concentrations (a) 0.002 M (b) 0.004
M (c) 0.006 M (d) 0.008 M and (e) 0.01 M of silver nanoparticles on the surface

of rGO/CS nanocomposites
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The crystalline nature of the prepared rGO/CS/Ag nanocomposites at
different concentrations is studied using XRD. Figure 5.2 (a-e) shows the XRD
pattern for various concentrations of silver nitrate 0.002 M, 0.004 M, 0.006 M, 0.008
M and 0.01 M on the surface of RGO/CS nanocomposites. The diffraction peaks at
38.2°, 44.2°, 64.6° and 77.1° corresponds to the (111) (200) (220) and (311) planes
and are well matched with the JCPDS card number 04-0783 [7]. On increasing the
concentration of Ag, the intensity of the peak also increases. The sharpness of the
peak suggests that the crystalline nature of Ag nanoparticles. The broad band at
23.6° corresponds to the (002) plane of reduced graphene oxide and the broadening
of the peak is due to the amorphous nature of polymer. It is further observed that on
increasing the concentration of silver nitrate from 0.002M to 0.01M the intensity of
diffraction peaks of silver nanoparticles increases [19-20].

The crystallite size is calculated by using Debye Scherrer’s formula and the
calculated crystallite size is found to be 17.5 nm, 21.4 nm, 23.5 nm, 23.8 nm and
25.6 nm respectively. It is also observed that the crystallite size increases on
increasing the concentration of silver nitrate from 0.002M to 0.01M. These results
suggest that the silver nanoparticles are well incorporated onto the surface of

rGO/CS nanocomposites.
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5.3.3 SEM analysis
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Figure 5.3 (a-e) SEM images of various concentration (a) 0.002 M (b) 0.004 M
(c) 0.006 M (d) 0.008 M (e) 0.01 M of silver nanoparticles incorporated on
rGO/CS nanocomposites
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The surface morphology of the prepared nanocomposites is investigated
using scanning electron microscope analysis. Figure 5.3 (a-e) shows the SEM
images of various concentration 0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M
of silver nanoparticles incorporated on rGO/CS nanocomposites. It is observed from
Figure 5.3 (a-e) shows that the spherical shaped silver nanoparticles are well
dispersed onto the surface of chitosan modified reduced graphene oxide nanosheets
which are closely in contact with each other [21-22]. Moreover on increasing the
concentration of silver nitrate from 0.002 M to 0.006 M the number of particles on
the surface of rGO/CS nanosheets also increases. On further increase in the
concentration of silver nitrate from 0.008 M to 0.01 M the particles on the surface of
rGO/CS are found to be agglomerated. This might be due to the heavy loading of
silver nanoparticles. These results reveal that silver nanoparticles are well

incorporated into the rGO/CS nanosheets.
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5.3.4. Energy-Dispersive X-ray analysis
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Figure 5.4 (a-e) EDAX spectra for various concentration of (a) 0.002 M (b)
0.004 M (c) 0.006 M (d) 0.008 M (e) 0.01 M of silver nanoparticles incorporated
on rGO/CS nanocomposites
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The elemental composition of the prepared rGO/CS/Ag nanocomposites is
investigated using energy-dispersive X-ray (EDAX) analysis in the range between 0-
20KeV binding energy. Figure 5.4 (a-e) shows the EDAX spectra for various
concentration of 0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M of silver
nanoparticles incorporated on rGO/CS nanocomposites. The presence of carbon,
oxygen and silver [23] as depicted from Figure 5.4 (a-e) confirms the formation of
RGO/CS/Ag nanocomposites. The quantitative atomic and weight percentage (%) of
carbon, oxygen and silver is shown in the inest of Figure 5.4 (a-e). EDAX on
mapping with SEM indicates that the weight percentage of Ag nanoparticles loaded
on to the surface of RGO/CS is found to be about 21.98, 25.24, 59.28, 57.31 and
51.38. It is observed that the weight percentage of Ag nanoparticles increases with
increase in concentration of silver nitrate from 0.002M to 0.006M. On further
increase in concentration of silver nitrate, the weight percentage of Ag nanoparticles

found to be decreases for 0.008M and 0.01M as evidenced from SEM analysis.
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5.3.5 TEM and SAED analysis
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Figure 5.5 (a-b) TEM images for different magnifications and (c) Particle size
distribution histogram of rGO/CS/Ag nanocomposites (d) SAED pattern for
0.006M of silver nanoparticles incorporated on rGO/CS nanocomposites

Figure 5.5 (a-b) shows the TEM images for different magnifications of
0.006M of silver nanoparticles incorporated on the rGO/CS nanocomposites. It is
observed from Figure 5.5 (a-b) that the spherical shaped silver nanoparticles are well
dispersed and closely anchored onto the surface of reduced graphene oxide/chitosan
nanosheets. Figure 5.5 (c) shows the particle size distribution histogram of prepared
nanocomposites. The size distribution of the Ag nanoparticles is varied in the range
of 15-80 nm with the mean diameter of 27.3 nm The SAED pattern of the
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rGO/CS/Ag nanocomposites is depicted in Figure 5.5 (d). The SAED pattern shows
distinct circular rings indexed as (111), (200), (220) and (311) planes, that is well
matched with the JCPDS card no. 04- 0783. These planes correspond to Ag
nanoparticles and the dark spots reveal the crystalline nature of the synthesized

silver nanoparticles as also evidenced from XRD analysis [24].

5.4. ELECTROCHEMICAL RESPONSE OF p-AMINOPHENOL
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Figure 5.6 (a-b) CV curve for (a) Bare GO and (b) 0.006 M of rGO/CS/Ag

modified GCE in absence of p-Aminophenol.

The electrochemical measurements are carried out in the electrolyte solution
of 0.1 M phosphate buffer solution (PBS). The electro-chemical behaviour for the
prepared GO and rGO/CS/Ag nanocomposites is measured using cyclic voltammetry
(CV) and is carried out in PBS solution, at a potential range from -1 to 1 V with a
scanning rate of 20 mV/s. Figure 5.6 (a-b) shows the CV curve for bare GO and
rGO/CS/Ag modified GCE in absence of p-Aminophenol respectively. No redox
peak is observed for GO modified GCE electrode. In contrast a pair of well defined
redox peaks is observed at Eya =0.4 V and Eyc = 0.15 V for rGO/CS/Ag modified
GCE as depicted in the Figure 5.6 (a-b). The peak at 0.48 V can be ascribed to the
oxidation of Ag whereas the reduction peak of Ag exhibited at 0.15 V [25]. The
strong peak suggests that Ag nanoparticles on the surface of rGO/CS nanosheets
improve the conductivity of prepared nanocomposites compared to that of the bare
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GO. The proposed rGO/CS/Ag nanocomposites sensor is used for the sensing of p-

Aminophenol.

5.4.1 ELECTROCHEMICAL BEHAVIOUR OF MODIFIED ELECTRODES
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Figure 5.7 (a-d) Cyclic voltagramm curve for (a) GO/GCE (b) rGO/CS/GCE (c)
rGO/Ag/GCE and (d) rGO/CS/Ag/GCE in presence of 50uM of p-Aminophenol
in 0.1 M Phosphate buffer solution (PBS : pH 6) at a scan rate of 20 mV s*

The electrochemical behaviour of prepared rGO/CS/Au nanocomposites
towards the detection of p-Aminophenol is investigated using cyclic voltammetry.
Figure 5.7 (a-d) shows the cyclic voltagramm curve for GO/GCE, rGO/CS/GCE,
rGO/Ag/GCE and rGO/CS/Ag/GCE in presence of 50uM of p-Aminophenol in 0.1
M Phosphate buffer solution (PBS: pH 6) at a scan rate of 20 mV s . By the
addition of 50 uM of p-Aminophenol into the 0.1 M of phosphate buffer solution, no
obvious redox peaks is observed for GO modified GCE (GO/GCE) which indicates
that GO is not activated towards the sensing of p-Aminophenol. A small sluggish
redox peak current of p-Aminophenol at a potential of about Ey, = 0.42V and Epc = -
0.19V is observed for rGO/CS modified GCE and a pair of weak redox peaks are
observed at a potential range of Epa = 0.15 V and Epc = 0.006 V for rGO/Ag
modified GCE [9-10]. But for rGO/CS/Ag modified GCE, a pair of well defined

redox peaks is observed at a potential of about Epa = 0.009 V. It is further observed
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that the current of rGO/CS/Ag nanocomposites is larger than that of both rGO/CS
and rGO/Ag nanocomposites indicating the high electron transfer rate of prepared

nanocomposites on the electrode.

5.4.2 Effect of pH
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Figure 5.8 (a-b) Effect of pH value of PBS on the redox peak current of 50 uM
of p-Aminophenol and its linearity

The effect of pH range (pH 5-8) on the response of 50 UM of p-Aminophenol
at rGO/CS/Ag modified GCE is investigated by cyclic voltammetry. Figure 5.8 (a-b)
shows the effect of pH value of PBS on the redox peak current of 50 uM of p-
Aminophenol and its linearity. It is observed from the figure 5.8 (a) that on
increasing the pH from 5 to 8 the oxidation peak current of p-Aminophenol shifts
positively and the reduction peak shifts negatively [11]. The relationship of pH to
the oxidation peak current (Ipa) of p-Aminophenol is plotted and displayed in Figure
5.8(b). It shows that on increasing the pH from 5 to 6 the oxidation peak current also
increases. While on further increase in the pH from 7 to 8, the oxidation peak current
decreases and thus pH 6 is chosen as optimum pH for electrochemical sensing of p-

Aminophenol.
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5.4.3 Effect of scan rate
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Figure 5.9 (a-b) Cyclic voltagramm curves for effect of scan rate and its linear

relationship for 160 uM of p-AP in 0.1 M of PBS solution (pH-6) at various

scan rates.

The electrochemical mechanism can be generally acquired from the
relationship between the peak current and scan rate subsequently. Figure 5.9 (a-b)
shows the cyclic voltagramm curve for effect of scanrate and its linear relationship
for 160 uM of p-aminophenol in 0.1 M of PBS solution. It is observed from the
Figure 5.9 (a-b) that both the redox peak current of p-Aminophenol increases with
increasing the scanrate from 20mV/s to 100mV/s. It clearly indicates that the anionic
and cationic peak current increases linearly with scan rate. The graph of Iy, and Iy
versus scan rate is plotted and shown in Figure 5.9 (b). The resultant graph shows
excellent linearity for electrochemical sensing of p-Aminophenol. It is further
observed that the anodic current shifts positively and the cathodic current shifts
negatively which shows that the electrode process is diffusion controlled process
[11].
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5.4.4 Effect of analyte concentration
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Figure 5.10 (a-b) Cyclic voltagramm curves for 0.006M of rGO/CS/Ag/GCE
towards the detection of p-Aminophenol in 0.1 M of PBS solution (pH 6) at a

scan rate of 20 mV/s and its linearity

The electrochemical measurements towards the detection of p-Aminophenol
on rGO/CS/Ag nanocomposites modified GCE is performed using cyclic
voltammetry (CV) under the same experimental conditions. CV is recorded at a
potential range of -1 V to 1 V. Figure 5.10 (a-b) shows the cyclic voltagramm curves
for 0.006M of rGO/CS/Ag/GCE towards the detection of various concentration of p-
Aminophenol and its linearity. It is observed that on increasing the concentration of
p-Aminophenol from 30 uM to 160 puM, the redox peak current of p-Aminophenol
also increases linearly with a wide linear range of about 30 uM to 160 puM. This
increase in the current indicates a good electro catalytic activity of the prepared
nanocomposites. Thus the enhanced electro catalytic activity is due to the synergistic
contribution of the efficient conductivity of rGO/CS and high loading of
Ag nanoparticles onto the rGO/CS sheets [26]. These results indicate that the
prepared nanocomposites showed a good response over the detection of

p-Aminophenol.
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5.5 CONCLUSION

The rGO/CS/Ag nanocomposites are synthesized by chemical reduction
method and are well characterized by XRD, FT-IR, SEM and EDAX analysis. The
stretching vibration of N-H band at 1640 cm ‘confirms the interaction of GO with
CS. The metallic band formed around 596 cm™ confirms the formation of Ag
nanoparticles on the surface of rGO/CS. The crystallite size of the formed
nanocomposites is about 23.6 nm. The crystallite size increases on increasing the Ag
concentration. The surface morphological studies reveal that the spherical shaped Ag
nanopartices are well dispersed on the thin crumbled leaf like rGO/CS sheets.
EDAX analysis confirms the presence of elements without any impurities and the
formation of rGO/CS/Ag nanocomposites. SAED pattern confirms the crystalline
nature of the prepared nanocomposites. The rGO/CS/Ag modified GCE electrode
exhibits a high current for pH 6 of about 0.11pA and wide linear range of 30 uM to
160uM for p-Aminophenol. The results reveal that the large effective surface area of
the prepared nanocomposites allows it to function as an electron transfer medium
and enhances the charge transfer rate. Thus the rGO/CS/Ag modified GCE shows
good electrocatalytic activity towards the detection of p-Aminophenol. Thus the
proposed electrochemical sensor can be potentially applied in environment for the

detection of p-Aminophenol.
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