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6.1. INTRODUCTION

Electrochemical sensors based on the nanomaterials are highly focused on the
current research field. Nanoparticles have unique physical and chemical properties that
make them remarkably fit in the development of electrochemical sensors [1-5]. Various
types of nanoparticles including metals, metal alloys, metal oxides, semiconductors and
composites are employed in the development of advanced electrochemical sensors.
Typically, the metal nanoparticles disclose great catalytic and conductivity properties.
But for the detection of chemical species, semiconductor, transition metal oxides and
non-transition metal oxide nanoparticles are typically employed as an electrode material
[6-9]. In this present work, zinc oxide (ZnO) nanoparticles are used as an electrode

modifying material.
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ZnO nanoparticles belong to the class of metal oxide nanoparticles have
received great attention due to its unique properties. These nanoparticles have a wide
variety of applications in chemical sensors, UV-lasers, biosensors, gas sensors,
UV-photodetectors, piezoelectric devices, dye-sensitized solar cells and transparent
electronics [10-14]. The stability, high isoelectric point and powerful binding properties
of zinc oxide nanoparticles make them a good electrode material in the development of
advanced electrochemical sensors. The large surface to volume ratio is another
advantage of employing ZnO as an auspicious electrode material for electrochemical
sensing [15]. The zinc oxide nanoparticles with different morphology such as nanorods
[16], nanopillar [17] nanowires [18] and nanorod-bundles [19] have already been
employed for the electrode modification. In this present work, the ZnO nanoparticles
with spindle like morphology are produced for the electrochemical sensing applications.
The preparation of various types of ZnO nanostructures are based on different methods
such as thermal evaporation [20], chemical solution deposition [21] and magnetron
sputtering [22] etc. The facile wet chemical technique is employed for the synthesis of
spindle like zinc oxide nanoparticles along with the reduced graphene oxide nanosheet
(rGONS) and B-cyclodextrin (B-CD) polymer and employed as an electrode modifying
materials for the electrochemical detection of nitrophenol isomers. The objective of this
work is to synthesize a morphology controlled zinc oxide nanoparticles decorated [-
cyclodextrin functionalized reduced graphene oxide nanosheets for the effective

detection of nitrophenol isomers by electrochemical method.
6.2. MATERIALS AND METHODS

Graphene oxide (GO) nanosheets are synthesized using purified natural graphite
powder via modified Hummer’s method [23]. The B-cyclodextrin polymer (-CD)
functionalized reduced graphene oxide nanosheets (rGONS/B-CD) are synthesized by
taking dispersed solution of 50 mg of graphene oxide (GO) and 2 mg/ml of
B-cyclodextrin polymer. The B-CD polymer is added dropwise into the dispersed
graphene oxide suspension followed by the addition of hydrazine hydrate as a reducing
agent and stirred for 4 hours at 60°C [24-25]. The reaction mixture is then centrifuged
and dispersed in an aqueous medium for the embellishment of zinc oxide nanoparticles.
0.002 M of zinc acetate dihydrate (CsHsO42Zn.2H20) is dispersed in 100 ml of deionized
water and added into the dispersed rGONS/B-CD suspension followed by the addition
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of 0.005 M of sodium borohydrate (NaBHa4) as a reducing agent and stirred for 4 hours
at 80°C. The reaction mixture is then centrifuged using double distilled water and dried
at 60°C for 4 hours [23] [26]. Similarly 0.004 M, 0.006 M, 0.008 M and 0.01 M of zinc
oxide nanoparticles embellished B-cyclodextrin functionalized reduced graphene oxide
nanosheets (rGONS/B-CD/Zn0) are synthesized.

6.3. RESULTS AND DISCUSSION

6.3.1. FT-IR SPECTRAL ANALYSIS
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Figure.6.1. FT-IR spectra of zinc oxide nanoparticles embellished p-cyclodextrin
functionalized reduced graphene oxide nanosheets using (a) 0.002 M (b) 0.004 M
(c) 0.006 M (d) 0.008 M and (e) 0.01 M molar ratios of zinc acetate dihydrate

The FT-IR spectra of zinc oxide nanoparticles embellished B-cyclodextrin
functionalized reduced graphene oxide nanosheets (rGONS/B-CD/ZnO) synthesized
using various molar ratios (0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M) of zinc
acetate dihydrate is shown in the Figure.6.1.(a-€). The formation of reduced graphene
oxide nanosheets in all the five molar ratios of synthesized rGONS/B-CD/ZnO
nanocomposites are confirmed by observing the absorption bands of carbon-oxygen
functional groups such as O-H stretching, unoxidized C=C stretching and C-O

stretching (epoxy) at 3485.1 cm™ 1585.4 cm™ and 1231 cm™ respectively. The absence
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of absorption peak at 1740 cm™ corresponds to the C=O carboxyl functional group
confirms the reduction of graphene oxide into the reduced graphene oxide nanosheets
[23]. The presence of chemically functionalized B-cyclodextrin polymer in the
synthesized rGONS/B-CD/ZnO nanocomposite is identified by observing the absorption
bands of O-H stretching, C-Hz, C-H, C-O (carboxy), and O-H functional groups at 3752
cm?, 2924.62 cm, 2373.41 cm™, 1430.21 cm™ and 1023 cm™ respectively [24-28].

The characteristic bands observed between 400 to 700 cm™ may corresponds to
the zinc oxide (Zn-O) nanoparticles embellished on the surface of rGO/B-CD
nanosheets [29-30]. The embellishment of zinc oxide nanoparticles on the surface of
rGO/B-CD nanosheets in the synthesized nanocomposite is confirmed by the gradual
decrease in the depth of the absorption bands of oxygen containing functional groups
such as O-H, C=C, C-O and C-H of rGONS and B-CD polymer with the increase in the
molar ratio of zinc acetate dihydrate from 0.002 M to 0.01 M. This may be due to the
increase in the interlayer distance of rGO nanosheets by the inclusion of ZnO
nanoparticles to the adjacent layers of rGO/B-CD nanosheets. It is observed from the
FT-IR spectra of various molar ratios of rGONS/B-CD/ZnO nanocomposite that the
band depth of zinc oxide nanoparticles increases with the increase in the molar ratio of
zinc acetate dihydrate from 0.002 M to 0.01 M, which further confirms the uniform
embellishment and increase in the zinc oxide nanoparticles concentration on the
rGONS/B-CD surface and this could also be evidenced from SEM and EDAX analysis
[31].

6.3.2. STRUCTURAL ANALYSIS

The XRD pattern of zinc oxide nanoparticles embellished B-cyclodextrin
functionalized reduced graphene oxide nanosheets (rGONS/B-CD/ZnO) synthesized
using 0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M molar ratio of zinc acetate
dihydrate is shown in the Figure.6.2.(a-e). The diffraction peaks of zinc oxide
nanoparticles observed at 31.7°, 34.6°, 36.4°, 47.5°, 56.7°, 62.9° and 67.9° confirms the
formation of (100), (002), (101), (102), (110), (103) and (112) crystalline planes of
wurtzite hexagonal structure of zinc oxide nanoparticles in the rGONS/B-CD/ZnO
nanocomposite respectively and the diffraction patterns are in agreement with the
standard JCPDS card. No 36-1451 [14] [29] [32]].
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Figure.6.2. XRD spectra of zinc oxide nanoparticles embellished g-cyclodextrin
functionalized reduced graphene oxide nanosheets using (a) 0.002 M (b) 0.004 M
(c) 0.006 M (d) 0.008 M (e) 0.01 M molar ratio of zinc acetate dihydrate

The complete disappearance of typical (002) diffraction peak of graphene oxide
nanosheets (as discussed in the chapter 3) and the appearance of broad diffraction peak
at 23.2° confirms the reduction of graphene oxide nanosheets into reduced graphene
oxide nanosheets during the functionalization of B-cyclodextrin polymer with the GO
nanosheets [32]. Using the Debye Scherrer’s formula [14], the crystallite size (D) of the
zinc oxide nanoparticles embellished on the surface of rGO/B-CD nanosheets are
calculated from full width half maxima (FWHM) of XRD peaks. The calculated
crystallite size values of zinc oxide nanoparticles synthesized using various molar ratios
(0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M) of zinc acetate dihydrate are found
to be 24.21 nm, 22.69 nm, 21.71 nm, 19.85 nm and 27.99 nm, respectively.

The broad diffraction peak of rGONS/B-CD is observed only for the rGONS/B-
CD/ZnO nanocomposite synthesized for lower molar ratios (0.002 M, 0.004 M and
0.006 M) of zinc acetate dihydrate and this confirms the embellishment of small amount
of ZnO nanoparticles on the rGONS/B-CD surface [31]. The broadening in the
diffraction peak of rGONS/B-CD may be attributed to the cross-linking formation of
B-CD polymer with graphene oxide nanosheets that reduces the crystalline nature of
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graphene oxide nanosheets and -CD polymer. This amorphous nature of rGONS/B-CD
improves the surface to volume ratio of rGONS/B-CD/ZnO nanocomposites that makes
the B-CD polymer chain more flexible and results in the enhancement of ionic
conductivity and the adsorption amount of zinc oxide nanoparticles on the surface of
rGO/B-CD nanosheets [33]. The diffraction peak of carbon atoms in reduced graphene
oxide nanosheets is not observed for the higher molar ratios of (0.006 M to 0.01 M)
rGONS/B-CD/ZnO nanocomposite. This may be due to the large amount of well
crystalline zinc oxide nanoparticles embellished on the surface of rGONS/B-CD that
weakens the diffraction of carbon atoms [31]. Relatively, the diffraction peaks intensity
of zinc oxide nanoparticles on the rGONS/B-CD surface increases with the increase in
the zinc acetate dihydrate molar ratio from 0.002 M to 0.01 M. This may be due to the
polydirectional arrangement of zinc oxide nanoparticles on the rGONS/B-CD surface
[32]. Hence, it is revealed from the XRD analysis that the rGONS/B-CD/ZnO
nanocomposite synthesized using 0.008 M molar ratio of zinc acetate dihydrate has
smaller crystallite size for ZnO nanoparticles on the rGONS/B-CD surface, which could

provide a significant effect on the electrochemical sensing of nitrophenol isomers.

6.3.3. SEM ANALYSIS
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Figure.6.3. SEM images of zinc oxide nanoparticles embellished g-cyclodextrin
functionalized reduced graphene oxide nanosheets using (a) 0.002 M (b) 0.004 M
(c) 0.006 M (d) 0.008 M and (e) 0.01 M molar ratio of zinc acetate dihydrate

Scanning electron microscope is a significant instrumental technique to
characterize and investigate the microstructure and morphological surface of the
materials. Scanning electron micrograph of the surface and cross section of zinc oxide
nanoparticles embellished B-cyclodextrin functionalized reduced graphene oxide
nanosheets (rGONS/B-CD/Zn0O) synthesized using various molar ratios (0.002 M,
0.004 M, 0.006 M, 0.008 M and 0.01 M) of zinc acetate dihydrate is shown in the
Figure.6.3.(a-e). The SEM images of the lower concentrations of (0.002 M and
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0.004 M) rGONS/B-CD/ZnO nanocomposite clearly depicts the formation of layer
structured reduced graphene oxide nanosheets in the form of wrinkled and crumpled
paper like sheets which may be attributed to the functionalization of B-cyclodextrin
polymer with the rGO nanosheets and these results are in consistent with the SEM
images of rGO/B-CD nanosheets as discussed in the chapter 3 [29]. This may enhance
the large surface area of rGO nanosheets for the embellishment of zinc oxide
nanoparticles, thereby enhancing the adsorption amount of nitrophenol isomer sites on
the electrode surface [32]. The uniform embellishment of large amount of zinc oxide
nanoparticles is observed with the continuous increase in the molar of zinc acetate
dihydrate from 0.006 M to 0.008 M. With the further increase in the molar ratio of zinc
acetate dihydrate above 0.008 M, the SEM image of rGONS/B-CD/ZnO nanocomposite

shows the wrinkled rGO/B-CD nanosheets with agglomerated zinc oxide nanoparticles.

The SEM images of rGONS/B-CD/ZnO shows the spindle like morphology of
ZnO nanoparticles with agglomeration for the molar ratio of 0.01 M of zinc acetate
dihydrate which may be due to the presence of more number of Zn?* ions in the reaction
system. With the continuous reduction in the molar ratio of zinc acetate dihydrate from
0.01 M to 0.004 M, the amount of Zn?* ions in the reaction system is sufficient to
produce smaller size spindle-like zinc oxide nanoparticles without agglomeration
(Figure.6.3 (b, ¢ and d)). With the further reduction in the molar ratio of zinc acetate
dihydrate into 0.002 M, the spindle-like morphology of zinc oxide nanoparticles is not
evident and this may be due to the insufficient amount of Zn?* ions. This may also be
due to the predominance of B-cyclodextrin polymer and also the layered structure of
reduced graphene oxide nanosheets [32]. The SEM analysis also revealed that the
amount of zinc oxide nanoparticles embellished on the surface of rGO/B-CD nanosheets
are found to be increase gradually with the increase in the molar ratio of zinc acetate
dihydrate from 0.002 M to 0.01 M.

The role of reduced graphene oxide nanosheets, B-cyclodextrin polymer as a
surfactant, the molar ratio of zinc acetate dihydrate on the size, morphology, dispersion
and the electrochemical stability of rGONS/B-CD/ZnO nanocomposites are evidenced
from the morphological investigation on the smaller sized and spindle like zinc oxide
nanoparticles embellished rGONS/B-CD nanocomposites [32]. It is further evidenced
that the rGONS/B-CD/ZnO nanocomposite synthesized using 0.008 M molar ratio of

162



zinc acetate dihydrate shows the large amount of spindle-like zinc oxide nanoparticles
embellished B-cyclodextrin functionalized reduced graphene oxide nanosheets and that

could show the significant effect on the electrochemical sensing of nitrophenol isomers.

6.3.4. EDAX ANALYSIS
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Figure.6.4. EDAX spectra of zinc oxide nanoparticles embellished B-cyclodextrin
functionalized reduced graphene oxide nanosheets using (a) 0.002 M (b) 0.004 M
(c) 0.006 M (d) 0.008 M and (e) 0.01 M molar ratios of zinc acetate dihydrate

The synthesized 0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M molar ratios
of rGONS/B-CD/ZnO nanocomposite is subjected to energy dispersive X-ray (EDAX)
analysis in order to confirm the chemical composition of the samples and are shown in
the Figure.6.4.(a-e). EDAX images of various molar ratios of synthesized rGONS/
B-CD/ZnO nanocomposites clearly show the elemental peaks corresponding to carbon,
oxygen and zinc without any elemental impurities. The atomic and weight percentage of
elements present in the synthesized rtGONS/B-CD/ZnO nanocomposite is shown in the
inset of the Figure.6.4.(a-e). The EDAX result confirms the formation of zinc oxide
nanoparticles decorated p-cyclodextrin functionalized reduced graphene oxide
nanosheets without any impurities [34].

6.3.5. HRTEM ANALYSIS

The structural, morphological and elemental investigation reveals that the
rGONS/B-CD/ZnO nanocomposite synthesized using 0.008 M concentration of zinc
acetate dihydrate shows the smaller crystallite size and controlled morphology without
agglomeration and hence it is further characterized using High resolution transmission

electron microscope (TEM) analysis.
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Figure.6.5. TEM images of zinc oxide nanoparticles embellished B-cyclodextrin

functionalized reduced graphene oxide nanosheets using 0.008 M molar ratio of
zinc acetate dihydrate

The particle size, morphology and the distribution of 0.008 M molar ratio of
synthesized rGONS/B-CD/ZnO nanocomposite is examined using a high resolution
transmission electron microscope (HRTEM) and the results are shown in the Figure.6.5
[35]. It is observed that the wrinkled structure morphology of B-cyclodextrin
functionalized reduced graphene oxide nanosheets are uniformly embellished with zinc
oxide nanoparticles [36]. The formation of reduced graphene oxide nanosheets with
high surface area and wrinkled morphology confirms the strong |-y interaction
between B-cyclodextrin polymer and reduced graphene oxide nanosheets. This polymer
functionalized reduced graphene oxide nanosheets acts as a good surface for the growth
of zinc oxide nanoparticles with controlled morphology [37]. It is also observed that the
zinc oxide nanoparticles embellished on the surface of rGO/B-CD nanosheets shows the
spindle shaped and are uniformly distributed without any agglomeration [38]. The
uniformly embellished spindle shape zinc oxide nanoparticles may effectively block the
hole penetration, thereby decreases the recombination of charge carriers between the
interfacial layers. This may enhance the excellent electrical property of the synthesized
rGONS/B-CD/ZnO nanocomposites [29] [37]. The observed HRTEM results are in
consistent with the XRD and SEM results. It is further confirmed from the TEM
analysis that the rGO/B-CD nanosheets are good supporting material for the
embellishment of ZnO nanoparticles and also the synthesized nanocomposites are good
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electrode surface modifying material for the electrochemical detection of nitrophenol
isomers [34].

6.3.6. SAED ANALYSIS

Figure.6.6. SAED pattern of zinc oxide nanoparticles embellished p-cyclodextrin
functionalized reduced graphene oxide nanosheets using 0.008 M molar ratio of
zinc acetate dihydrate

The selected area electron diffraction (SAED) pattern of synthesized 0.008 M
molar ratio of zinc oxide nanoparticles embellished B-cyclodextrin functionalized
reduced graphene oxide nanosheets is shown in the Figure.6.6. It gives the deeper
insight into the crystallographic structure of synthesized rGONS/B-CD/ZnO
nanocomposites [37]. The rings obtained in SAED pattern of the synthesized rGONS/
B-CD/ZnO nanocomposite confirms the crystalline nature of the zinc oxide
nanoparticles embellished on the surface of rGONS/B-CD nanosheets. The obtained
SAED pattern is well matched with the (111), (002), (101), (102), (103), (110) and
(112) crystalline planes of wurzite structure of zinc oxide nanoparticles embellished on
the rGO/B-CD nanosheets which is in consistent with the XRD analysis [29].
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6.4. ELECTROCHEMICAL BEHAVIOUR OF MODIFIED ELCTRODES
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Figure.6.7. Cyclic voltagramm of 220 uM of o-NP at the (a) rGONS/ZnO/GCE (b)
rGONS/B-CD/ZnO/GCE in PBS solution at the scan rate of 10 mV/s

To study the electrochemical performance of various modified electrodes such
as rGONS/ZnO/GCE and rGONS/CD/ZnO/GCE, the concentration of ortho-nitrophenol
in the PBS electrolyte medium is varied from 100 to 230 pM and 20 to 230 uM
respectively and the maximum redox peak current is observed for the 220 uM of
ortho-nitrophenol. Figure.6.7.(a and b) shows the cyclic voltammetric responses of 220
uM of ortho-nitrophenol for zinc oxide nanoparticles embellished reduced graphene
oxide nanosheets modified glassy carbon electrode (GCE) (rGONS/ZnO/GCE) and zinc
oxide nanoparticles embellished B-cyclodextrin functionalized reduced graphene oxide
nanosheets modified GCE (rGONS/B-CD/ZnO/GCE) in 0.1 M of phosphate buffer
solution (PBS) at the scan rate of 10 mVs™ within the potential range from -1 V to
+1 V. It shows the well defined reversible redox peaks with the reduction and oxidation
peak potentials at -0.7 V, +0.24 V and with the cathodic and anodic peak current of
-0.061 mA, +0.011 mA, and -0.21, +0.13 mA for rGONS/ZnO/GCE and rGONS/
B-CD/ZnO/GCE respectively. It is observed that the electrocatalytic performance of
rGONS/B-CD/ZnO nanocomposite modified GCE towards the detection of 220 uM
ortho-nitrophenol is much higher than the rGONS/ZnO/GCE, thereby confirms the

impact of B-cyclodextrin polymer in the enhancement of electrocatalytic property of
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rGONS/B-CD/ZnO nanocomposite [39]. The chemical functionalization of
B-cyclodextrin polymer with the rGO nanosheets enhances the surface area and
electrical conductivity of rGONS, thereby enhances the adsorption amount of o-NP
sites. It also enhances the acceleration rate of electron transfer between the electrode
surface and ortho-nitrophenol sites, which generates the significant microenvironment
for the electrocatalytic detection of ortho-nitrophenol. The electrocatalytic response of
rGONS/B-CD/ZnO/GCE towards the detection of ortho-nitrophenol is also found to be
higher in comparison with that of rGONS/B-CD/GCE (as discussed in the chapter 3).
Hence, the glassy carbon electrode modified using rGONS/B-CD/ZnO nanocomposite is
a better choice for the electrochemical detection of nitrophenol isomers.

6.5. ELECTROCHEMICAL DETECTION OF NITROPHENOL ISOMERS

The various molar ratios of synthesized rGONS/B-CD/ZnO nanocomposite is
employed for the effective electrochemical detection of nitrophenol isomers such as
ortho-, para-and meta-nitrophenol. The maximum electrochemical detection ability of
rGONS/B-CD/ZnO nanocomposite towards the detection of nitrophenol isomers could
be achieved by optimizing the parameters such as concentration of zinc oxide
nanoparticles on the surface of rGO/B-CD nanosheets, pH of the phosphate buffer

solution and scan rate of the redox reactions and the results are presented.
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6.5.1. Effect of rGONS/B-CD/ZnO concentration on electrocatalytic activity
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Figure.6.8. Cyclic voltagramm of 220 pm of o-NP at (a) 0.002 M (b) 0.004 M
(c) 0.006 M (d) 0.008 M and (e) 0.01 M zinc oxide nanoparticles embellished
B-cyclodextrin functionalized reduced graphene oxide nanosheets in PBS solution

The maximum electrocatalytic activity of ortho-nitrophenol at rGONS/B-
CD/Zn0O nanocomposite modified GCE could be studied by the effect of different molar
ratios (0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M) of zinc oxide nanoparticles
embellished B-cyclodextrin functionalized reduced graphene oxide nanosheets in 0.1 M
of phosphate buffer solution (PBS) containing 220 uM of o-NP at the scan rate of 10
mV/s and the results are shown in the Figure.6.8.(a-e). It is observed from the
Figure.6.8.(a-e) that the gradual increase in the molar ratio of zinc acetate dihydrate
from 0.002 M to 0.008 M enhances the redox peak current of o-NP [40] and may be due
to the formation of large amount of spindle like morphology of zinc oxide nanoparticles
without agglomeration, which could also be evidenced from SEM analysis. With the
further increase in the molar ratio of zinc acetate dihydrate into 0.01 M, the
electrocatalytic redox peak current for 220 uM of o-NP is decreased and may be due to
the embellishment of large number of zinc oxide nanoparticles on the surface of rGO/p-

CD nanosheets that leads to agglomeration, thereby decreases the electrochemical
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sensing property of nanocomposite which could also be evidenced from SEM analysis
[41].

The maximum redox peak current of o-NP is observed for the 0.008 M molar
ratio of rGONS/B-CD/ZnO modified GCE. This implies that the zinc oxide
nanoparticles with high molar ratio, good morphology and smaller crystallite size could
improve the specific surface area of rGONS/B-CD/ZnO nanocomposite for the
accumulation of large amount of ortho-nitrophenol, thereby improves the
electrochemical reaction of o-NP on the modified electrode surface [42]. It is also
evident that the rGONS/B-CD/ZnO nanocomposite with agglomerated zinc oxide
nanoparticles shows the decrease in the current response, even though the concentration
of zinc oxide nanoparticles is larger [42]. Hence, the 0.008 M molar ratio of rtGONS/p-
CD/ZnO modified GCE is employed for the detection of all three nitrophenol isomers.

6.5.2 Effect of electrolyte pH

0.20

020 2
015 y 20 \
/ .

e
=]
1

=4

&

It
s
2

o
¢

s
&
Current (mA)
e
=

Current (mA)

s
3

£
=

s
o
-]
2

.12+

S
=
-
x
o

T T T T T T T
09 06 03 00 03 06 09 50 65 60 65 L 15 &

Potential (v) pH

(@)

170



0.1 0.36 4
0.0 A4
< < 032
£ 01 E
€ £
] £ 030
5 5
O 02 (5]
0.28
0.3 \
0.26 -
n
T T T T 1 T I 1 I I
10 05 00 05 10 50 55 6.0 65 70 75 80
Potential (v) pH
T ~—— 0.24 4
0054 e
S 3
0.00- 02
=
< 0054 x4 Z -
E E
£ o104 E
g % 0.8+
o ‘ o
0.15 4 pH5i
—pHGi 0.16 4
020 -pH7‘
—pHa‘
T T T s T T T T T T
1.0 05 00 05 10 50 55 60 65 70 75 80
Potential (v) pH
(©)

Figure.6.9. Effects of pH on the reduction peak current of (a) 220 uM o-NP and its
linearity (b) 240 pM p-NP and its linearity (c) 240 pM m-NP and its linearity in 0.1
M of PBS solution at the scan rate of 10 mV/s

The influence of pH on the electrocatalytic performance of 220 pum of
ortho-, 240 um of para- and 240 um of meta-nitrophenol isomers at the 0.008 M molar
ratio of rGONS/B-CD/ZnO modified GCE surface is investigated using cyclic
voltammetry in PBS solution with the pH range from 5.0 to 8.0 at the scan rate of 10

mV/s. It is evident from the Figure.6.9.(a-c) that the redox peak potential and current
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intensities strongly depends on the pH value of the phosphate buffer solution. It is
observed from the Figure.6.9.(a-c) that, with the increase of pH from 5.0 to 8.0, the
reduction peak potential corresponds to the ortho-, para- and meta-nitrophenol isomers
linearly shifted more towards the negative values thereby indicating that the protons are

directly involved in the electrocatalytic redox process [42] [43].

It is also observed from the calibration graph (Figure.6.9.(a)) for pH dependent
that the redox peak current of ortho-nitrophenol increases gradually with the increase in
the pH value from 5.0 to 6.0 and the maximum redox peak current is obtained for the
pH of 6.0. With the further increase in the pH from 6.0 to 8.0, the electrocatalytic redox
peak current of ortho-nitrophenol decreases [41-42]. But, in the calibration graph
(Figure.6.9.(b and c)) for the redox peak current of para- and meta-nitrophenol isomers
increases initially for the pH of 5.0 and with the continuous increase in the pH of the
PBS solution to 6.0 to 8.0, the redox peak current decreases [41-42]. The pH
dependency may be attributed to the concentration of protons, that plays a significant
role in the electrocatalytic reaction, as the electrolyte medium with high pH values
decreases the proton concentration, which thereby reduces the electrocatalytic redox
reaction and also the pH of the electrolyte medium affects the detection of
microenvironment, which in turn affect the inclusion complexes ability of ortho-,
para- and meta-nitrophenol sites [41]. Hence, the phosphate buffer solution with the pH
of 6.0, 5.0 and 5.0 is chosen as a supporting electrolyte medium for the further

electrocatalytic investigation of ortho-, para-and meta-nitrophenol isomers respectively.

172



6.5.3. Effect of scan rate
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Figure.6.10. (a), (c), (e) Effect of scan rate on the redox current response for 220,
240 puM, 240 pM of ortho-, para- and meta-NP in 0.1 M PBS solution (b), (d) and

(f) Linear relationship between Epa, Ipa and square root of scan rate

The kinetic features of the synthesized 0.008 M molar ratio of rGONS/
B-CD/Zn0O nanocomposite modified glassy carbon electrode towards the electrocatalytic
reduction and oxidation of ortho-, para- and meta-nitrophenol isomers are examined

using cyclic voltammerty by the effect of potential scan rate in the range from 10 mV/s
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to 50 mV/s in 0.1 M PBS solution containing 220 uM of ortho-, 240 uM of para- and
240 uM of meta-nitrophenol isomers and the obtained results are presented in the
Figure.6.10.(a, c and e). It is observed from the cyclic voltagramm of ortho-, para- and
meta-nitrophenol isomers, the redox peak current is linear with the scan rate for the
range from 10 to 50 mV/s and the increase in the scan rate revealed that the anodic and
cathodic peak potential are shifted to the positive and negative values respectively,
thereby evident that the electrocatalytic redox process of ortho-, para- and
meta-nitrophenol isomers are reversible. The calibration graph is drawn for the square
root of scan rate vs reduction peak potential and current and are as shown in the
Figure.6.10.(b, d and f) for ortho-, para- and meta-NP respectively. It is observed from
the calibration graph that the scan rate depends on the electrocatalytic reduction peak
current of ortho-, para- and meta-nitrophenol isomers and increases linearly with the
square root of the scan rate. This phenomenon illustrates that the electrochemical
detection of ortho-, para- and meta-nitrophenol isomers are diffusion controlled

reversible electrochemical redox process [41-43].

6.5.4. Effect of analyte (o-, p- and m-NP) concentration
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Figure.6.11. Cyclic voltagramm of rGONS/B-CD/ZnO/GCE in 0.1 M of PBS

solution containing various concentrations of (a) o-NP, (b) p-NP and (c) m-NP

Figure.6.11.(a, b and c) shows the cyclic voltammetric response of various
concentration of ortho-, para- and meta-nitrophenol isomers at the 0.008 M of
rGONS/B-CD/ZnO modified glassy carbon electrode in 0.1 M of phosphate buffer
solution (PBS) at the scan rate of 10 mV/s. The electrode potential is set between -1.0 V

to +1.0 V. The cyclic voltagramm shows that the anodic and cathodic peak current of
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ortho-, para- and meta-nitrophenol isomers increases gradually with the increase in the
concentration from 10 uM to 210 uM, 10 uM to 240 uM and 20 uM to 240 pM,
respectively. With the continuous addition of ortho-, para- and meta-NP isomers into
the PBS solution leads to the decrease in the redox peak current, which indicates the
saturation state of electrocatalytic detection capability of synthesized rGONS/
-CD/ZnO nanocomposites. This phenomenon also indicates that the accumulation of
0-, p- and m-NP sites onto the rGONS/B-CD/ZnO modified GCE electrode surface
reaches the maximum concentration and thereby inhibits the electrocatalytic redox
reaction. Figure.6.11.(a-c) shows the calibration graph of concentration dependent redox
peak current of ortho-, para- and meta-nitrophenol isomers, respectively. From the
calibration graph, the linear concentration ranges and sensitivitiy of ortho-, para- and
meta-nitrophenol isomers are studied and the calculated values are tabulated in the
Table.6.1.

Table.6.1. Linear range of detection and sensitivity value of the rGONS/p-CD/ZnO

nanocomposite

Nitrophenol isomers Linear range of detection Sensitivity
(1M) (mApMcm?
Ortho-nitrophenol 20 to 210 4.7
Para-nitrophenol 20 to 240 13.8
Meta-nitrophenol 40 to 200 2.2

It is revealed from the results that the linear range of response and sensitivity of

the synthesized rGONS/B-CD/ZnO modified GCE is found to be better for the detection
of para-nitrophenol than the other nitrophenol isomers. Hence, the synthesized 0.008 M
molar ratio of rGONS/B-CD/ZnO nanocomposite is a promising electrode modifying

material for the electrochemical determination of para-nitrophenol
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6.6. CONCLUSION

The various molar ratio of (0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M)
rGONS/B-CD/ZnO nanocomposites are facilely synthesized by wet chemical method
and employed as a novel electrode materials for the electrochemical detection of
nitrophenol isomers (ortho-, para- and meta-nitrophenol). The XRD analysis revealed
the wurtzite structure of zinc oxide nanoparticles and is embellished on the surface of
rGO/B-CD nanosheets with the crystallite size in the range from 19 to 27 nm. SEM
analysis showed the spindle like morphology and the variation in the spindle size could
be due to the impact of molar ratio of Zn?* ions on the surface of rGONS/B-CD/ZnO
nanocomposites. The uniformly embellished spindle is observed for the 0.008 M molar
ratio of Zn?* ions in the reaction system. The HRTEM analysis also showed the uniform
embellishment of spindle shaped zinc oxide nanoparticles on the surface of rGONS/
B-CD without agglomeration. The synthesized rGONS/B-CD/ZnO nanocomposites are
deposited on the glassy carbon electrode to study the electrochemical performance
towards the detection of nitrophenol isomers (o-, p- and m-NP) that showed the
significant improvement in the electrical conductivity and electrocatalytic activity in
comparison with that of rGONS/ZnO nanocomposite modified GCE. The effect of
rGONS/B-CD/ZnO nanocomposite concentrations (0.002 M, 0.004 M, 0.006 M,
0.008 M and 0.01 M ) modified GCE electrode are also investigated and the results
showed that the rGONS/B-CD/ZnO nanocomposite with 0.008 M molar ratio of zinc
acetate dihydrate has the highest electrochemical signal towards the detection of ortho-
nitrophenol. This may be due to the presence of uniformly embellished smaller sized
spindle like ZnO nanoparticles on the surface of rGO/B-CD nanosheets as evidenced
from XRD and SEM analysis. The as prepared 0.008 M molar ratio of rGONS/
-CD/Zn0O nanocomposite modified GCE is employed for the electrochemical detection
of o-, p- and m-nitrophenol which exhibited an excellent performance with the linear
range of detection from 20 to 210 uM, 20 to 240 uM and 40 to 200 uM respectively.
The sensitivity values of rGONS/B-CD/ZnO nanocomposite towards the detection of
0-, p- and m-nitrophenols are found to be 4.7 mA uM™* cm?, 13.8 mA pM* cm2 and
2.2 mA pM™ cm? respectively. It is revealed from the voltammetric analysis that the
synthesized rGONS/B-CD/ZnO nanocomposite is best suited for the detection of

para-nitrophenol isomer.
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