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Abstract: A simple one-pot hydrothermal synthesis strategy has been approached to prepare the composite
viz.reduced graphene oxide-ZnO nanoparticles (~30 nm)(RGO-Zn0).The synthesized RGO-ZnO composite has
been successfully applied for glassy carbon electrode (GCE) surface modification. The RGO-ZnO composite-
modified GCE is applied for sensitive and selective determination of Methyl Parathion(MP).The as-prepared
composite is characterized by using Fourier Transform Infra-Red Spectroscopy(FT-IR),Scanning Electron
Microscopy (SEM) along with Energy Dispersive X-ray (EDX) and elemental mapping. The atomic force
microscopy (AFM) and Transmission electron microscope (TEM) with SAED analysis confirm the presence of
ZnO nanoparticles embedded over the entire surface of reduced graphene oxide. The electrochemical behavior
of Methyl parathion is performed by using cyclic voltammetry and Square wave Voltammetry methods. The
chemical sensor exhibited a linear dependence on MP concentration ranging from 5 x10® to 100 x 10"°M with a
detection limit of 1.22 x 10° M (S/N = 3). The present method was applied to determining methyl parathion in
real samples of vegetables. The sensors for methyl parathion exhibit high sensitivity and good reproducibility
and are promising for fast, simple, and sensitive analysis of Organophosphate pesticides (Ops) in
environmental and biological samples.
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. Introduction

Organophosphate pesticides (OPs) are a group of organic pesticides with high toxicity. They are
widely used in agriculture as typical insecticides to enhance production and quality with a wide range of activity
and are also used for chemical warfare. The residue of OPs in the natural environment generates lots of
pollution problems because of their high toxicity [1, 2]. Therefore, it is essential to develop some convenient,
sensitive and effective detection methods for OPs in food and environmental samples. The traditional methods
to determine OPs are chromatography either using GC-MS [3] or high performance liquid chromatography
[4,5]. On the other hand, biosensors based on the inhibition of acetylcholinesterase [6—8] and electrochemical
sensors based on hydrolysis enzyme of Ops [9, 10] have been used for the determination of OPs in the
environment. Nowadays, nonenzymatic electrochemical sensors have also been developed for the detection of
Ops [11, 12]. These electrochemical methods not only simplify test process for OPs, but also improve the
detection efficiency. Many OPs, such as methyl parathion (MP), belong to aromatic nitro compounds which
easily undergo redox reaction. This feature is favorable for their direct electrochemical detection.

Reduced graphene oxide (RGO) is a promising material and recently it has drawn greater attention in
various fields. RGO possess unique physicochemical properties like high surface area [13-15], easy to
functionalize with other materials [16] and it owns high conductivity [17]. In recent years, RGO based
composites have been used for various applications including biosensor [18], solar cells [19] and super
capacitors [20].

Graphene-based metal oxide (RGO-MO) nanocomposites consist of the highly conductive carbon film
serving as an anchor for the metal oxide nanocrystals and are emerging as a class of new exciting materials [21].
There are several reports on the synthesis of graphene-metal oxide nanocomposites using techniques such as
ultrasonic spray pyrolysis [22], hydrothermal [23], solvothermal [24] and microwave-assisted reduction [25].

Among various metal oxides, zinc oxide (ZnO) is an exceptional material with high specific surface
area, nontoxicity, chemical stability, electrochemical activity and the high electron mobility of ~115-155 cm—?
V! s Y(band gap energy - 3.37 eV) [26,27]. Zinc oxide is also one of the well-studied transition metal oxides in
electrochemistry. Some studies demonstrated that decoration of ZnO nanoparticles on graphene sheets could
enhance the electrocatalytic activity of the composite. Nayak et al. demonstrated a high-performance
electrochemical dopamine sensor based on the ZnO/grapheme nanocomposite [28]. Jiang et al. and Lp-Fu et
al.reported graphene—ZnO nanocomposites for ultrasensitive electrochemical sensing of acetaminophen and
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phenacetin [29] and of uric acid [30] respectively. Recently many electrochemical sensing works based on
Graphene composites for the detection of pesticides are reported. Graphene - chitosan composite [31],
Graphene/gadolinium Prussian Blue analogue nanocomposite composite [32] , Nano-TiO2/graphene composite
[33] and Silver /Graphene nanoribbon composite [34] have been applied as enzymeless sensor for detection of
Methyl parathion. Moreover, the graphene oxide (GO) and reduced of graphene oxide (RGO) also used to
fabricate the composites used in sensor studies such as Electrochemically reduced graphene (ERGO) [35],
ERGO/naffion [36], Cobalt Porphyrin- Co03;0,-GO nanocomposite [37], GO /Chitosan [38], CeO,/RGO
nanocomposite [39] and GO/MWCNT [40].Interestingly Graphene quantum dots, a multifunctional composite
also employed for Pesticide Detection [41]. In the present work, RGO-ZnO nanocomposite is prepared via a
simple hydrothermal method. The RGO-ZnO nano composite modified electrode is used as an electrochemical
sensor for the detection of Methyl parathion.

Il.  Experiments
2.1. Materials and reagents
Zinc nitrate hexahydrate Zn(NOs),.6H,0, hydrazine aqueous solution (25%) and grapheme oxide
powder were purchased from Sigma-Aldrich. All other chemicals used were analytical-grade reagents without
further purification. Phosphate buffer solution (PBS) was prepared by mixing 0.1M KH,PO, and K,HPO,
solution to appropriate pH.Milli-Q water was used throughout the experiments.

2.2.1 Synthesis of nano ZnO particles

An aqueous solution (0.5 mol/L) of zinc nitrate hexahydrate (Zn (NO3z),. 6H,0) was mixed
with the appropriate amount of 1 mol/L NaOH solution under continuous stirring and the mixture was put into a
Teflon-lined-stainless steel autoclave unit for hydrothermal reaction at 150 °C for 7h., the reactor was naturally
cooled to room temperature. The product obtained after hydrothermal reaction was filtered, washed with de-
ionized water till the pH of the final solution was 7.0. Finally the as-prepared sample was calcined at 600° C in
a muffle furnace for 1 hr.

2.2.2 Synthesis of RGO

GO (1 mg ml™" ) was suspended in 2 ml of hydrazine (5wt%) aqueous solution and the
solution was sonicated for 1h and then transferred to a 30 mL stainless steel autoclave (Teflon lined) and heated
at 150°C for 2h. The sample obtained was centrifuged and dried.

2.2.3 Synthesis of RGO-ZnO composite

Hydrothermal method is adopted for synthesis of RGO-ZnO composite. The various steps involved in
the method is described as follows: In the first step, 10 mg of GO was suspended in 10mL of water and the
suspension was sonicated for 2h to prepare GO dispersion. To the GO dispersion, 10mL of Zn(NO3), was
gradually added under stirring. Then 2mL hydrazine solution (5wt %) was added into the mixture. The gray
colored slurry formed after 1 h sonication was transferred to a 30 mL stainless steel autoclave (Teflon lined) and
heated at 120 -C for 2h.The sample obtained was centrifuged and dried in an oven at 70°C to produce RGO-
ZnO composite.

2.3 Characterization

Fourier transform infrared analysis (FTIR) was carried out using Nicolet iS5 (Thermo Scientific) in
transmission mode in the wave number range of 400-4000 cm™. Surface morphology of samples were analyzed
by scanning electron microscope (SEMCarl Zeiss,EVO 18,Germany) and elemental mapping studies made by
Energy Dispersive X-ray Spectrometer Bruker (X Flash 6130).Atomic force microscopy(AFM) studies were
performed by multimode AFM with Nanosurf Easyscan2 controller (Switzerland)in tapping mode.HR-TEM
(Technai G2 F30) was performed at an accelerating voltage of 300 kV. For electrochemical investigation, a
GCE was polished with alumina-water slurry followed by rinsing with water. For the electrode surface
modification, 1uL of composite dispersion (1mg/mL) was dropped onto the GCE surface and dried at room
temperature. Electrochemical measurements were performed on a CH Instruments 650C Electrochemical
Workstation (CHI-650C,CH Instruments, Texas, USA) using a three electrode system. A platinum wire was
used as the auxiliary electrode and an Ag/AgCl as the reference electrode.

I1l.  Results and Discussion
3.1 Characterization of synthesised RGO-ZnOnanocomposite
3.1.1 FT-IR spectral Analysis
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Fig. 1.FTIR spectra of GO, RGO, pure ZnO and RGO-ZnO composite

The prepared RGO-ZnO nanocomposite was characterized using FT-IR spectroscopy and shown in
Fig. 1.The reduction of oxygen containing functional groups in the GO after the thermal treatment was
confirmed by FT-IR analysis. The spectrum of GO exhibits the bands corresponds to OH stretching vibration
(3400 cm™), O-H bending vibration (1621 cm™), C=0 stretching vibration (1726 cm™), C-O stretching
vibrations of epoxy group(1240 cm™), C-OH stretching vibrations(1380 cm™) and C=C skeletal ring vibrations
(1627) of the graphene oxide. But, a drastic decrease in intensity of these bands is observed in both the pure
RGO and RGO-ZnO composite after hydrothermal reduction. The spectrum of pure ZnO shows a band at 470
cm corresponding to the Zn-O stretching vibration. Due to interactions between the ZnO and residual epoxy
and hydroxyl functional groups of the RGO, the band of ZnO was red-shifted to 440 cm™ in the RGO-ZnO
nanocomposite.

3.1.2 Morphological characterization using SEM-EDX, HR-TEM and AFM
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Fig. 2. SEM imagesmof

The SEM image in Figs. 2(a-b) provides the morphology of RGO-ZnO composite. The uniformly grown ZnO
nanoparticles were closely affixed onto the surface of RGO sheets. Due to the remaining oxygen-containing
groups in RGO, the electrostatic attraction between the positively charged Zn** and the negatively charged
precursors in the GO sheets play a crucial role in the firm attachment of the ZnO NPs on RGO in the final
product. The EDS result in Figs. 2(f) and corresponding elemental mapping in Figs. 2(c-e) confirm the presence
of Zn, O and C in the composites. The SEM image of RGO in Fig. 2(g) shows that the RGO nanosheets are
wrinkled and their size is found to be about 16.72 nm. The SEM of ZnO in Fig.2 (h) shows the size ZnO NPs is
20nm.

Fig.3.HRTEM images of RGO-ZnO composite (a-c) and SAED Pattern (d)

High resolution TEM was performed to determine the physical nature of ZnO in the composite more
clearly. Fig. 3 depicts the HR-TEM images of RGO-ZnO composite. Fig 4a &4b revealed that the ZnO NPs
were dispersed densely on the RGO sheets. In some regions, aggregation of ZnO NPs was occurred on the
surfaces of RGO nano sheets, and most of the NPs were found on the nano sheets. Fig. 4c revealed the NPs to be
5-10 nm in size. Selected area electron diffraction (SAED) shows in Fig.4d indicate crystalline nature of the
composite. The SAED pattern consisted of four diffraction rings counting from the center, the 1st, 2nd, 3rd, and
4™ rings were assigned to the (100), (101), (102) and (211) planes, respectively. The SAED pattern also
confirmed the wurtzite structure of ZnO.

b

Fig.4a) 2D and 3D AFM images of GO with Height profile b) 2D and 3D AFM images of RGO —ZnO
composite with Height profile parathion
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The surface morphology is further investigated by AFM studies. Higher roughness value of RGO-ZnO
as shown in Fig. 4 than GO again confirms the composite formation and its better adsorption nature.

3.1.3 Electrochemical Studies
3.1.3.1 Electrochemical behavior of MP on the RGO-ZnO modified electrode
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Fig. 5. Cyclic voltammograms of bare, ZnO, RGO and RGO-ZnO modified GCE in 0.1M PBS of P"=7
containing 1mM Methyl parathion. Scan rate: 50mV/s

The prepared RGO-ZnO nanocomposite was coated on GCE and its sensing nature for methyl
parathion was investigated. As shown in Fig. 4, obvious clear redox peaks could be observed on the bare GCE,
ZnO, RGO and RGO-zZnO-modified GCEs with current response as -15.2,-20.3,-28.0 and -93.2 pA
respectively. The increase in peak current of RGO-ZnO modified GCE represents its significant electrocatalytic
activity toward MP detection compared to bare GCE, ZnO and RGO modified GCEs.

A sharp irreversible reduction peak appeared at 0.793V is due to the four-electron reduction of the
nitro group (—-NO,) to hydroxylamine as shown in reaction (1) of Scheme 1 during the first cathodic scan. The
peak observed at -0.077V during the anodic scan represents the oxidation (-NHOH) to the nitroso (-NO) group
as shown in reaction (2) of scheme 1. Another reduction peak appeared at -0.215V results from the reversible
reduction of nitrso group to hydroxylamine during the successive cycles as shown reaction (3) of Scheme 1.
From the various reports of aromatic nitro compounds, it is inferred that only two electron involved in
reversible redox process (reaction 2 &3) as given in Scheme 1.
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Fascinatingly,, the oxidation peak current of methyl parathion at RGO-ZnO modified GCE is 3.5 fold
higher than that of RGO modified GCE and 4.8 fold higher than ZnO modified GCE.
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3.1.3.2 Effect of Scan Rate
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Fig. 6. Cyclic voltammograms of the RGO—ZnO-modified GCE at scan rate of 10-50 mVs * in 0.1IMPBS
containing 1mM MP. Inset shows the linear dependence of Ipa (m) and Ipc(m) on scan rate (10 to 50 mV s—1).

The influence of scan rate (v) on the redox peak current of MP at RGO-ZnO/GCE electrode was
investigated (Fig. 5). Both the anodic and cathodic peak currents of MP are linearly proportional to scan rates in
the range of 10~50mVs*, confirming that the electrode reaction of MP at RGO-ZnO/GCE is an adsorption
control process. The linear regression equation for cathodic and anodic peak currents are obtained as
represented in Egs (1) and (2), respectively

Ipc= 0.381 X + 1.674 (R? = 0.998) ------------=----=- Q)

Ipa = -0.203% + 9.910 (R® = 0.996) ------------------ 2
Where Ipc is the cathodic peak current and Ipa is the anodic peak current. The v stands for the scanning rate in
the unit of mV s and R? is a regression coefficient.

3.1.3.2 Square Wave Voltammetry (SWV)
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Fig.7. Square wave voltammograms of increasing methyl parathion concentrationin 0.1M  PBS (pH 7.0) at
RGO-ZnO/GCE, from bottom to top, with concentrations of0, 5, 10,15, 25,35, 45, 55,65, 75, 85 nM,
respectively. The inset shows the calibration curve.

Fig. 7 depicts the well-defined SWV peaks correspond to different concentration of methyl parathion
at RGO-ZnO/GCE. A linear relationship between the reduction peak current and the methyl parathion
concentration is obtained over the concentration range from 5x10°° to 85x10™° M. The linear regression equation
was obtained as Ip (MA) = 0.014nM + 0.76, with a correlation coefficient of 0.995 and a detection limit of
1.22x10°M which was calculated from the signal-to-noise ratio of 3.

DOI: 10.9790/5736-1009035564 www.iosrjournals.org 60 |Page



Nonenzymatic Sensing Of Methyl Parathion Based On RGO-Zno Nanocomposite Modified

Table 1. Comparison of analytical results of previously reported electrochemical sensor studies of MP based on
Graphene modified electrode with RGO-ZnO modified electrode

S.No Electrode Medium Method Linear range / M Detec;ll(\)/r|1 limit Ref.
1 Graphene-chitosan ABSS‘?_'OH SWV 0.02-15x 10° 3.00 x10° 31
2 E'ec”oége(r)“'ca”y PBS, pH 7 SWV 3.0x 0%~ 2 x10° 8.87 x 10%° 35
3 Graphene / GPBA PBS,pH 7 DPV 0.008 -10 x10° 1.00 x10° 32
4 NanoTiO, / Graphene ABS, pH Lsv 5~100 x 10° 1.00 x10° 33
Cobalt Porphyrin/ -7 -5 -8
5 C0,0,/GO PBS,pH 7 DPV 4.0x107 10 2.0x10 1.10 x10 37
6 RGO / Cobalt Bipyridyl PBS,pH7 | Amperometry 0.05-1700 x10° 2.90 x10° 34
7 ZnO/RGO PBS,pH 7 SWA 5-100 x10°° 1.22 x 10° P\;‘fjﬁ?t

GPBA: Gadolinium Prussian Blue analogue, SWV: Square wave voltammetry DPV: Differential pulse
voltammetry; PBS: Phosphate buffer solution, ABS: Acetate buffer solution. LSV: Linear sweep voltammetry.

The results of various electrochemical sensor works based on graphene modified electrodes are
compiled and compared with that of the present work in Table 1. The detection limit of the present work is
comparable [32, 33,37 and 35] or even better than [31, 34] the other reported values.

3.1.3.3 Electrochemical impedance spectrum (EIS)
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Fig.8. Electrochemical impedance spectra of the bare GCE (a), ZnO/GCE (b), RGO/ GCE (c) and RGO-
ZnO/GCE (d) in 0.1 M KCI containing 3mM [Fe(CN)6]* "+~

Electrochemical impedance spectrum was obtained by studying the performance of the electrode
interface. Fig. 8 shows the electrochemical impedance spectra of the bare GCE (a), ZnO/GCE (b), RGO/ GCE
(c) and RGO-ZnO/GCE (d) in 0.1M KCI containing equimolar [Fe(CN)¢]* ™. As shown, the electrode RGO-
ZnO/GCE has comparatively low electron transfer resistance. Moreover, the Nyquist plot of RGO-ZnO/GCE is
almost straight line which represents that the RGO-ZnO/GCE still keeps fast electron transfer.

3.2 Real Sample Analysis
The real sample analysis has been carried out to evaluate the application proposed method by

using vegetable samples. Ether solvent was used for extracting MP from the two vegetable (carrot) samples (5
g each) spiked with standard MP solutions (25 x 10”° M and 35 x 10 M) concentration of MP for about 24 h
and the collected extracts were filtered through a 0.45um membrane and then evaporated to dryness. The
solution of sample was prepared by dissolving the residue in 0.1M PSB (pH 7) and made upto 100mL. The
SWV peaks obtained for the sample were compared with that obtained for the standard MP solutions. The SWV
profiles and the peak potentials compare very well with those obtained for the standard MP solutions. By
substituting SWV current corresponds two carrot samples in the calibration equation, Ip (LA) = 0.014nM +
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0.76, the amount of MP found in the samples is estimated. From the % recovery data (Table 2) ,it is deduced
that nearly 90% recovery is possible.

Table 2.Sensing of MP present in carrot sample at RGO-ZnO/ GCE.

Sample Added/nM Detected/nM Recovery %
1 25 23 92
2 35 32 91
3.3 Interference studies
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Fig.9. SWA response for Interference study of 25 nM MP with 6 different compounds:  Potassium, Sodium,

Calcium, Magnesium Citric acid and Glucose.

SWV analysis carried out at RGO-ZnO/GCE in the presence of a few foreign substances such as
Sodium, Potassium, Magnesium, Calcium and Citric acid which are rich in biological sample and supposed to
have interferences on reduction peak current of MP. 200-fold CaCl,, MgCl, NaCl, KCI, 100-fold glucose and
citric acid were added to 25 nM MP. As shown in Fig.9, no considerable change of the SWA cathodic peak
current of MP in the presence of interferents was observed. Moreover, the ratio (%) between the reduction peak
current of MP in the presence and absence of the interferences is found in the range of 95% to 105%, which
further confirms that the interferences have almost no influence on the reduction peak current at the surface of
the sensor. It proves the efficient sensing nature of RGO- ZnO/GCE and hence it can be recognized as a good
electrochemical sensor.

IV.  Conclusion
A simple one-pot hydrothermal method was adopted to prepare RGO-ZnO nanocomposite. The results
of the electrochemical sensing method proved the efficient sensitivity and selectivity of RGO-ZnO
nanocomposite-modified GCE towards the determination of MP. Lower detection limit and a wide detection
range with fast response shown by the method enhances and also evidences the validity of the proposed method.
An excellent performance of the fabricated sensor in anti-interference studies indicates its promising nature to
trace out MP in real samples.
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