CHAPTER IV

INFLUENCE OF COPPER OXIDE NANOPARTICLES ENSEMBLED ON
CHITOSAN BLENDED REDUCED GRAPHENE OXIDE NANOSHEETS
FOR THE ELECTROCHEMICAL DETECTION OF p-AMINOPHENOL

4.1 INTRODUCTION

In general the contaminants and unwanted molecules are needed to be
accurately controlled and minimized to provide a safe and trustable product. p-
Aminophenol (p-AP), a well known organic compound used as an intermediate
product for the preparation of drugs, chemicals etc., p-AP is an environmental
pollutant used in various industrial fields such as petroleum, dye and medicine [1].
Moreover, the accumulation of p-AP in environment leads to serious disorders such
as kidney damage, liver disorders, skin rashes, inflammation of the pancreas and
may even lead to death. Due to its significant effects, the excessive residual of p-AP
in environment should be strictly controlled [2]. Many methods have been used for
the determination of p-AP. Among all these methods, electrochemical sensing is
chosen to be the best method due to its low cost, fast determination and high

sensitivity [3].

Graphene is a two dimensional sp? hybridized carbon atom packed in a
honeycomb network. The properties of graphene oxide can be effectively modified
by modifying it with the functional nanomaterials such as polymers, metals and
catalysts in order to produce a versatile electrochemical sensing performance [4-5].
Chitosan (CS) is a linear B-1,4-linked polyaminosaccharide natural bio polymer.
Due to its extraordinary properties like good adhesion and mechanical strength it is
used as an ideal material in sensing applications. The hydroxyl and amino group of
CS helps in the chemical modification of nanomaterials by interacting with metals or
metal oxides which results in the enhancement of properties. Incorporation of
nanoparticles into the polymer matrix has become an active arena of research due to
their promising application in versatile fields [6]. Among various metal

nanoparticles, copper nanoparticles (Cu NPs) have been widely used in many fields
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due to their excellent physical and chemical properties, easy preparation and the low

synthetic cost [7-8].

Hence, in this chapter a facile chemical reduction method is used for the
synthesis of rGO/CS/CuO nanocomposites. The synthesized nanocomposites are
characterized by FT-IR, XRD, SEM, EDAX, TEM, SAED analysis. The samples are
tested for the electrochemical detection of p-Aminophenol and optimized using

various pH and scan rate.

4.2. EXPERIMENTAL PROCEDURE
4.2.1. Reagents

Graphite powder, conc.sulphuric acid (98%H,S0O,), potassium permanganate
(KMnQy), hydrogen peroxide solution (30% H,0,), sodium nitrate (NaNO3), sodium
hydroxide (NaOH), copper Il acetate monohydrate(CH3COO,C4.H,0), sodium
borohydride (NaBH,) and p-aminophenol are of analytical grade, purchased from
sigma Aldrich and are used as received without further purification.

4.2.2. Synthesis of reduced graphene oxide / chitosan / copper oxide nanocomposites

The rGO / CS/ CuO nanocomposites are synthesized by dispersing 50 mg of
rGO/CS solution in 25 ml of distilled water by ultrasonication for 1 hour to form the
aqueous rGO/CS solution. About 0.002 M of Copper Il acetate monohydrate is taken
in 50 ml of distilled water and stirred for 1 hour seperately. The stirred Copper Il
acetate monohydrate solution is added dropwise into the above dispersed rGO/CS
solution under constant stirring. Then 25 mg of NaBHy, is taken in 50 ml of distilled
water and stirred for 1 hour separately. The stirred NaBH, solution is added drop
wise and stirred for 4 hours at 60°C. The formed solution is left undisturbed for
overnight and the resultant supernatant is filtered and washed rigorously by
centrifuging at 8000 rpm. It is then dried in oven at 60°C for 4 hours and the sample
is grinded finely to form the rGO/CS/CuO nanocomposites [9-10]. Similiar
procedure is followed to prepare various concentrations of Copper Il acetate
monohydrate (0.004 M, 0.006 M, 0.008M and 0.01M) to form rGO/CS/CuO

nanocomposites.
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4.3 RESULTS AND DISCUSSION

4.3.1 FT-IR spectral analysis
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Figure 4.1 (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 copper oxide
nanoparticles on the surface of rGO/CS nanocomposites

The structural and bond information of the prepared nancomposites is
indentified using FT-IR spectral analysis. Figure 4.1 (a-e) shows the FT-IR spectral
analysis for various concentrations of monohydrate (0.002 M, 0.004 M, 0.006 M,
0.008 M and 0.01 M) Copper Il acetate on the surface of rGO/CS nanocomposites. It
is observed from the Figure 4.1 (a-e), that the wide absorption band at 3413 cm™
corresponds to the O-H stretching vibrations of water molecules overlapping with N-
H stretching vibrations of amino group. The sharp intense band at 1569 cm™
attributes to the carbonyl stretching vibrations of secondary amide groups. The band
at 1042 cm  attributes to the C-O stretching vibrations of primary alcohol. The
absorption band at 1407 cm™ corresponds to the C-O stretching vibrations of
carboxyl group of chitosan. In particular, the metal-oxygen (Cu-O) vibration band is
observed around 486 cm™ [11].
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It is further observed that on increasing the concentration of copper Il acetate
monohydrate from 0.002 M to 0.01 M, the intensity of the band of rGO/CS/CuO
nanocomposites also increases. The increase in width of the band at 3413 cm™
indicates the intermolecular hydrogen bonding with O-H groups [12]. This increase
in the intensity of the bands is due to the strong interaction of hydrophilic nature of
chitosan with copper oxide nanoparticles. This demonstrates that copper oxide
nanoparticles have been successfully formed into the reduced graphene

oxide/chitosan matrix.

4.3.2 XRD Structural Analysis
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Figure 4.2 (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 copper oxide nanoparticles on the

surface of rGO/CS nanocomposites

The crystalline nature of the prepared rGO/CS/CuO nanocomposites at
different concentrations is studied using XRD. Figure 4.2 (a-e) shows the XRD

pattern for various concentrations of copper Il acetate monohydrate 0.002 M, 0.04
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M, 0.006 M, 0.008 M and 0.01 M on the surface of rGO/CS nanocomposites. It is
observed from the Figure 4.2 (a) that the peak at 10.9° corresponds to the plane of
chitosan. The broad peak at 24.5° corresponds to the (002) plane of reduced
graphene oxide and the small additional peak at 42° corresponds to the (001) plane
that may be due to the incomplete oxidation of graphite. The broadness of the peak
at 24.5° is due to blending of chitosan into reduced graphene oxide which thereby
increases the inter layer spacing of reduced graphene oxide nanosheets. It is
observed from the Figure 4.2 (b-e) that the diffraction peaks positioned at 31.5°,
35.6°, 38.7°, 48.7°, 53.6°, 57.9°, 61.4° and 66.1° corresponds to the (110), (111),
(200), (202), (020), (021), (113) and (311) planes of monoclinic phase of copper
oxide nanoparticles which are well indexed with the standard JCPDS card number
48-1548 [13-14]. Figure 4.2 (a) clearly depicts that due to low concentration of
copper Il acetate monohydrate (0.002 M), no diffraction peaks of copper oxide
nanoparticles is observed, thereby indicating the strong binding of chitosan into the
rGO. But by increasing the concentration of Copper Il acetate monohydrate from
0.004 M to 0.01M, the intensity of diffraction peaks of copper oxide nanoparticles

increases with decrease in the intensity of diffraction peaks of rGO/CS.

The crystallite size is calculated using Debye Scherrer’s formula and is
found to be about 9.6 nm, 10.8 nm, 12.7 nm, 16.1 nm and 18.5 nm for various
concentrations of rGO/CS/CuO nanocomposites respectively. The crystallite size of
copper oxide nanoparticles increases on increasing the concentration of copper Il
acetate monohydrate 0.002M to 0.01M. The sharpness and the intensity of the peaks

indicate the well crystalline nature of the prepared nanocomposites.
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4.3.3 SEM Analysis
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Figure 4.3 (a-e). SEM images for various concentration (a) 0.002M (b) 0.004M
(c) 0.006M (d) 0.008M and (e) 0.01M of copper oxide nanoparticles
incorporated on rGO/CS nanocomposites.
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The morphological surface of the prepared nanocomposites is characterized
using scanning electron microscope analysis. Scanning electron micrograph of
various concentrations 0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M of copper
oxide nanoparticles incorporated on rGO/CS nanocomposites are as shown in the
Figure 4.3 (a-e). It is observed from the Figure 4.3 (a-e) that the spherical shaped
copper oxide nanoparticles are found to be distinct, uniform and well dispersed on
the surface of wrinkled rGO/CS nanosheets. The surface of the prepared
nanocomposites is found to be rough, which depicts that chitosan is well
functionalized and acts as a host guest material that helps in uniform dispersion of

copper oxide nanoparticles on its surface [15-16].

It is further observed that on increasing the concentration of copper Il acetate
monohydrate from 0.002M to 0.008M, the number of nanoparticles dispersed on the
surface of rGO/CS also increases. Thus on further increase in the concentration of
copper |l acetate monohydrate (0.01M) the nanoparticles are found to be aggregated
which indicates that due to heavy loading of copper oxide nanoparticles, chitosan
loses its ability to form stable nanoparticles that leads to aggregation of
nanoparticles on the surface of chitosan blended wrinkled reduced graphene oxide
nanosheets . Moreover due to aggregation of nanoparticles it loses its
electrocatalytic property. Hence, these results clearly depict that 0.008M
concentration of copper Il acetate monohydrate has large surface area with uniform
distribution of copper oxide nanoparticles that can be applied for the electrochemical

detection of p-AP.
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4.3.4 EDAX analysis
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Figure 4.4.(a-e). EDAX analysis of various concentration (a) 0.002M (b)
0.004M (c) 0.006M (d) 0.008M and (e) 0.01M of copper oxide nanoparticles
incorporated on rGO/CS nanocomposites.
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Energy dispersive analysis of X-rays (EDAX) is carried out to determine the
elemental composition and purity of the prepared nanocomposites. The spectrum is
recorded in the range between 0 and 20 KeV binding energy. Figure 4.4 (a-€) depicts the
EDAX analysis for various concentration 0.002M, 0.004M, 0.006M, 0.008M and
0.01M of copper oxide nanoparticles embellished on rGO/CS nanocomposites. Figure
4.4 (a-e) shows the quantitative presence of carbon, oxygen and copper without any
impurities that confirms the formation of rGO/CS/CuO nanocomposites [17-18]. The
atomic and weight percentage of carbon, oxygen and copper for various concentration
of rGO/CS/CuO nanocomposites are tabulated and shown in the inset of the Figure 4.4.
It shows that the atomic and weight percentage of cu increases on increasing the
concentration of copper (1) acetate which could be evidenced from SEM analysis.

4.3.5 HR-TEM Analysis
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Figure 4.5(a-b) TEM images for different magnifications and (c) Particle size
distribution histogram of rGO/CS/CuO nanocomposites (d) SAED pattern for
0.008M of copper oxide nanoparticles incorporated on rGO/CS nanocomposites
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Figure 4.5(a-b) shows the TEM images for different magnifications of
0.008M of copper oxide nanoparticles decorated on the surface of rGO/CS
nanocomposites. Figure 4.5 (a-b) depicts that the formed rGO/CS is of wrinkled,
transparent and thin sheets. The spherical shaped copper oxide nanoparticles are
found to be uniformly distributed and closely anchored onto the surface and edges of
reduced graphene oxide/chitosan nanosheets. The copper oxide nanoparticles are
homogeneously distributed without any agglomeration due to the hydrophilic and
high adsorption property of chitosan. Figure 4.5 (c) shows the particle size
distribution histogram of prepared nanocomposites [19]. The size distribution of the
CuO nanoparticles is varied in the range of 10-50 nm with the mean diameter of

17 nm.

Figure 4.5 (d) shows the SAED pattern of 0.008M of copper oxide
nanoparticles incorporated on rGO/CS nanocomposites. It is observed that four
distinct diffraction rings are indexed as (110), (111), (200) and (202) that correspond
to the monoclinic phase of copper oxide nanoparticles as evidenced from XRD
analysis [20]. Thus the obtained distinct rings with bright spots confirm the

polycrystalline nature of the prepared nanocomposites.
4.4 ELECTROCHEMICAL INVESTIGATION OF p-AMINOPHENOL

The synthesized rGO/CS/CuO nanocomposites is further investigated for the
electrochemical sensing of p-AP. Based on the characterization studies, it is
observed that 0.008 M of CuO nanoparticles embedded rGO/CS nanocomposites is
found to be the best electrode material for the electrochemical investigation of p-AP.
The electrocatalytic effect of p-AP at 0.008 M of rGO/CS/CuO nanocomposites is
studied using cyclic voltammetry and various parameters such as the effect of

electrolyte and the effect of scan rate are also studied.
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4.4.1 Electrochemical response of p-aminophenol

<
=.
~
—
=
=
Tt
=
QO

Figure 4.6 (a-d) Cyclic voltagramm curve for (a) GO/GCE (b) rGO/CS/GCE (c)
rGO/CuO/GCE and (d) rGO/CS/CuO/GCE in the presence of 50uM of p-
Aminophenol in 0.1 M Phosphate Buffer Solution (PBS : pH 5) at a scan rate of
20mvVs™

The electrochemical investigation of prepared rGO/CS/CuO nanocomposites
towards the detection of p-AP is investigated using cyclic voltammetry Figure 4.6
(a-d) shows the cyclic voltagramm curve for GO/GCE, rGO/CS/GCE,
rGO/CuO/GCE and rGO/CS/CuO/GCE in the presence of 50uM of p-Aminophenol
in 0.1 M Phosphate Buffer Solution (PBS : pH 5) at a scan rate of 20 mV s . It is
observed from the Figure 4.6 (a) that in presence of 50uM of p-AP, no redox peaks
is observed for GO modified GCE (GO/GCE) which depicts that GO is not active
towards the detection of p-AP. But from the Figure 4.6 (b) that a pair of sluggish
redox peak current of p-AP is observed at a potential of about E p; = 0.02 V and E p¢
= 0.18 V for rGO/CS modified GCE. In contrary due to excellent conductivity and
the catalytic ability of rGO and copper oxide nanoparticles, a pair of redox peaks of
p-AP is observed at potential of about E p, = 0.036 V and Eyc = -0.038 V with the
redox peak current of about I, = 0.05 pA and lpc = -0.15 pA for rGO/CuO
nanocomposites modified GCE as depicted in the Figure 4.6 (c). But rGO/CS/CuQO
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nanocmposites showed a pair of well defined redox peaks at a potential of about
about E ,, = 0.036 V and Epc = -0.038 V with the redox peak current of about Ip, =
0.07 pA and lpc = -0.16 pA. This shows that the redox peak current of rGO/CS/CuO
nanocomposites is remarkably higher than that of both rGO/CS and rGO/CuO
nanocomposites [21]. Thus the enhanced redox peak current for rGO/CS/CuO
nanocomposites is due to the large surface area of rGO and uniform dispersion of
CuO nanoparticles in chitosan matrix that helps in accommodation of p-AP on the
surface of rGO/CS/CuO modified GCE which leads to the high electron transfer rate
between p-AP and the rGO/CS/CuO modified GCE. Hence, these results
demonstrates that the eelctrocatalytic activity of p-AP is highly promoted on
rGO/CS/CuO modified GCE and the enhanced electrocatalytic activity is due to the
excellent synergetic effect between rGO, CS and CuO which provides an efficient

microenvironment for the electrochemical detection of p-AP.

4.4.2 Effect of pH
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Figure 4.7 (a-b) Effect of pH on the redox peak current of 150 uM of p-AP and

its linearity

The phenol compounds are greatly involved in the proton transfer of
electrochemical redox process and hence the electrochemical response of phenol
compounds can be affected by the pH of PBS solution. Figure 4.7 (a-b) shows the
cyclic voltagramm curves for 0.008 M of rGO/CS/CuO/GCE towards the detection
of 150 uM p-AP at various pH 5, 6, 7 and 8 of PBS solution in the potential range of

-1V to +1 V. It is observed from the Figure 4.7 (a) that redox peak current increases
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for pH 5 of PBS solution. With further increase in pH 6 to 8 both the I,, and I gets
decreases. Since the electrochemical redox process is directly involved in proton
transfer, for lower pH equal number of protons and electrons are directly involved in
electrochemical reaction, but for higher pH of PBS solution the number of protons
involved in transfer gets decreases thus leading to decrease in redox peak current
[22]. Hence, this result demonstrates that 0.1M of phosphate buffer solution (PBS)
at pH 5.0 is used for electrochemical investigation of p-AP at rGO/CS/CuO/GCE
due to its sensitive determination of p-AP.

4.4.3 Effect of scan rate
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Figure 4.8 (a-b) Cyclic voltagramm curve for effect of scanrate and its linear
relationship for 150uM of p-AP in pH 5 of PBS solution

The reaction mechanism is further investigated by studying the effect of scan
rate on the redox peak currents of p-AP at the rGO/CS/CuO modified GCE by cyclic
voltammetry. Figure 4.8 (a-b) shows the cyclic voltagramm curves for 130uM of p-
AP at pH 5 of 0.1 M of PBS solution under various scan rates for 0.008 M of
rGO/CS/CuO nanocomposite modified GCE. It is observed from the Figure 4.8 (a)
that the intensity of cathodic and anodic peak currents increases continuously with
the increased scan rate indicating that the redox peak current of p-AP is linearly
proportional to the scan rate. It is further observed that the anodic peak potential
shifts positively and the cathodic peak potential shifts negatively. Figure 4.8 (b)

depicts a good linear relationship between the redox peak current of p-AP and the

120



scan rate. It is found that for higher scan rate the electron transfer rate is also higher,
resulting in the distortion of shape of redox peak currents [23]. This result
demonstrates that the redox reaction of p-AP at rGO/CS/CuO nanocomposite
modified GCE is diffusion controlled process.

4.4.4 Effect of analyte concentration
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Figure 4.9 (a-b) Cyclic voltagramm curves for 0.008M of rGO/CS/CuO/GCE

towards the detection of various concentrations of p-AP in pH 5 of PBS solution

at 20mV/s scan rate

Under optimized conditions the quantitative determination of p-AP is carried
out in 0.1 M PBS (pH-5) at 20mV/s scan rate. Figure 4.9 (a-b) shows the cyclic
voltammetric response of various concentration of p-AP at the 0.008 M of
rGO/CS/CuO modified glassy carbon electrode in 0.1 M of phosphate buffer
solution (PBS) at the scan rate of 20 mV/s. The electrode potential is set between -
1.0 V to +1.0 V. It is observed from Figure 4.9 (a) that by increasing the
concentration of p-AP, the cathodic and anodic peak current of p-AP also increases.
Figure 4.9 (b) shows the relationship between the peak current response and the
concentrations of p-AP. It is evident from the Figure 4.9 (a-b) that the oxidation and
reduction peak current of p-AP increases linearly with the increase in concentration
of p-AP. The wide linearity range is observed in the range of 60 to 150 uM [24].
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4.5 CONCLUSION

This chapter deals with the facile synthesis of various concentrations (0.002
M, 0.004 M, 0.006 M, 0.008 M and 0.01 M) of copper oxide nanoparticles
embedded on reduced graphene oxide/chitosan nacomposites. The rGO/CS/CuO
nanocomposites are successfully synthesized by chemical reduction method. The
prepared nanocomposites are characterized by XRD, FT-IR, SEM, EDAX, TEM and
SAED analysis. The structural analysis revealed that the crystallite size of the copper
oxide nanoparticles is in the range from 9.16 nm to 18.5 nm and increases with
increase in concentration of copper (Il) acetate. SEM and TEM reveals that the
spherical shaped copper oxide nanoparticles are homogeneously distributed on the
surface of rough, thin, wrinkled reduced graphene oxide/chitosan nanosheets.
Elemental analysis reveals the quantitative presence of carbon, oxygen and copper
without any impurities. The electrochemical performance of the prepared
nanocomposites towards the detection of p-AP is studied using cyclic voltammetry.
Hence, 0.008 M molarity of rGO/CS/CuO nanocomposite modified GCE shows
excellent electrocatalytic activity towards the detection of p-AP due to its uniform
dispersion of CuO nanoparticles on the large surface area of rGO/CS that leads to
good electron transfer rate between p-AP and rGO/CS/CuQO nanocomposite modified
GCE. The maximum redox peak current of 0.008M of rGO/CS/CuO nanocomposite
is 0.18pA is observed for pH 5 and the linear range of detection around 60uM to
150uM.
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