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Abstract

Metallic nanoparticles are traditionally synthesized by wet chemical techniques, in which the chemicals used are quite often toxic and flammable.
Ripe carica papaya peel is found to be a suitable source for green synthesis of silver nanoparticles. In the present work, a cost effective and
environmental friendly technique for the green synthesis of silver nanoparticles from 1 mM silver nitrate (AgNO3) solution through the extract
of ripe Carica papaya peel of various concentrations (5 ml, 10 ml, 15 ml, 20 ml, 25 ml) is described. The synthesized silver nanoparticles are
characterized by using the UV–vis absorption spectroscopy, FT-IR, XRD, SEM and TEM. The formation of silver nanoparticles is confirmed by
surface plasmon resonance, determined by UV–vis spectra at 400–435 nm. The shift in the absorption bands and variation in the calculated optical
band gaps for the various concentrations of papaya peels extracts are also observed. The FT-IR spectra reveal that an increase in the concentration
of the papaya peel extract shifts the bands to higher wavelengths. The average crystallite size for various concentrations of papaya peel extract is
observed from XRD spectral analysis and is found to be around 16–20 nm, which is in good agreement with the TEM analysis. The SEM analysis
shows the spherical structure of the silver nanoparticles with some agglomeration for higher concentrations of papaya peel extract. The synthesized
silver nanoparticles show good antibacterial activity against human pathogens such as Escherichia  coli  and Staphylococcus  aureus  and it has many
medical applications.
© 2017 Universidad Nacional Autónoma de México, Centro de Ciencias Aplicadas y Desarrollo Tecnológico. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Silver nanoparticles; UV–vis; FT-IR; XRD; SEM; Antibacterial activity

1.  Introduction

The recent research based on noble metal nanoparticles (sil-
ver, gold, etc.) has become more focussed, due to the uniqueness
of the optical, electrical, mechanical, magnetic, size dependent,
chemical properties of these nanoparticles. The nanoparticles
are very much different from those of the bulk materials
(Forough & Fahadi, 2011). Due to these size dependent
properties, metal nanoparticles have significant applications in
electronics, optoelectronics, magnetic, biomedical and informa-
tion storage systems (Banerjee, Satapathy, Mukhopahayay, &
Das, 2014). A number of approaches are available for the syn-
thesis of metal nanoparticles, such as chemical, electrochemical,

∗ Corresponding author.
E-mail address: balavijayalakshmiroopa@gmail.com

(J. Balavijayalakshmi).
Peer Review under the responsibility of Universidad Nacional Autónoma de

México.

photochemical and radiation. The chemical method produces
toxic chemicals that may have an adverse effect in medical
applications. Hence there is a need for biosynthesis of nanopar-
ticles. The biosynthesis of metal nanoparticles is a widely
accepted technology and it is a kind of bottom up approach
where the main mechanism behind is reduction. The nanoparti-
cles produced by this method are safe, cost effective and more
environmental friendly when compared to the chemical methods
(Johnson & Prabu, 2015). Compare to other genial biological
processes, the use of agricultural waste like peel extracts for
the production of nanoparticles is expedient. The fruit peels are
especially easily available, efficient, affordable, eco-friendly,
natural and also very rich in bioactive compound. These bioac-
tive compounds can be used as antioxidants and antimicrobial
agents, causing most researchers to aim at identifying an effi-
cient way to extract these bioactive compounds from the fruit
peels.

Silver nanoparticles (AgNPs) play a profound role in
biosynthesis because of their distinctive properties such as

https://doi.org/10.1016/j.jart.2017.03.010
1665-6423/© 2017 Universidad Nacional Autónoma de México, Centro de Ciencias Aplicadas y Desarrollo Tecnológico. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABSTRACT. In the present work, β-cyclodextrin functionalized reduced graphene oxide-silver nanocomposites (GO-β-

CD-Ag) are successfully synthesized using wet chemical technique. The GO-β-CD nanocomposites are firstly synthesized 

via hydrazine reduction. The different concentrations (0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M) of silver 

nanoparticles are embellished on the GO-β-CD surface by the chemical reduction of silver nitrate with sodium 

borohydrate as a reducing agent. The synthesized GO-β-CD-Ag nanocomposites are characterized using XRD, SEM and 

EDAX techniques. The XRD results confirmed that the β-CD molecules are effectively coated on the rGO surface and 

also the Ag nanoparticles with an average size of 23 nm are uniformly decorated on the GO-β-CD surface. The GO-β-

CD-Ag nanocomposites modified glassy carbon electrode is employed for the selective determination of o-Nitrophenol. 

Cyclic voltammetry test is performed to determine the presence o-Nitrophenol compound. The result shows the oxidation 

and reduction potential for o-Nitrophenol at -0.25 V and -0.45 V respectively, suggests the successful determination of 

o-Nitrophenol by using the GO-CD-Ag nanocomposite modified electrode. 

 

Introduction. Phenols and vicarious phenolic compounds in natural water gives a loathsome taste 

and odour to drinking water and have a toxic effects on animals, humans and plants even at a small 

concentrations [1]. Nitrophenols are more important chemicals widely used in industrial, agricultural 

and defence applications. Nitrophenols are used as an intermediate compound for the manufacture of 

explosives, pharmaceuticals, pesticides, pigments, dyes, corrosion inhibitors and photographic 

chemicals [2]. These are produced as an intermediate by microbial hydrolysis of several organo-

phosphorus pesticides such as during the photo degradation of pesticides [1].  

o-Nitrophenol (o-NP), specially, poses an apparent health risks since it is toxic to mammals, 

microorganisms and anaerobic bacteria. Toxicity of o-Nitrophenol is due to the nitro group being 

easily reduced by enzymes to the nitro anion radical, nitroso and hydroxylamine derivatives [3]. 

These derivatives are responsible for the cytotoxic, mutagenic and carcinogenic properties of nitro 

compounds. The detection and analysis of nitrophenols in both waste and potable water is most 

important. Nitrophenols are usually detected by chromatographic techniques sometimes coupled with 

mass spectrometry and spectrophotometry [4]. These approaches are relatively expensive, because of 

high analytical cost, lengthy sample preparation and analysis times, which are not advisable for in-

situ measurements. Electrochemical methods are low on cost and depend on short analysis time in 

comparison with some of the known accustomed methods [1]. These techniques are also distinguished 

by high sensitivity, good selectivity, rapid response, and the instruments are roughly simple with the 

feasibility of miniaturization for in-situ measurements. Electrochemical analysis of nitrophenol on a 

bare electrode usually has the problem of fouling and low sensitivity [1]. There is need to sought for 

new materials that can be used as electrode modifiers in the bid to enhance the electrochemical 

reduction or degradation of phenol and minimisation of electrode fouling. In this present work, a 
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Abstract

	 Recently, metal nanoparticles incorporated carbon nanostructures have tremendous 
applications in the field of nanosensor and technologies. In the proposed work, silver nanoparticles 
(Ag) decorated reduced graphene oxide nanosheets (rGONS) (rGONS-Ag) are synthesized and 
developed for the sensitive detection of ortho-Nitrophenol (o-NP) using electrochemical techniques. 
The rGONS-Ag nanocomposites are synthesized through chemical reduction method. The physical 
and electrochemical behaviour of the synthesized rGONS-Ag nanocomposites are characterized 
by using Fourier-transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), Scanning 
electron microscope (SEM), Energy dispersive X-ray spectroscopy (EDAX), Transmission electron 
microscopy (TEM) and Cyclic voltammetry (CV) techniques. The X-ray diffraction analysis reveals 
the formation of well crystalline silver nanoparticles (AgNp’s) on the surface of rGO nanosheets with 
the crystallite size of about 22.775 nm. The morphological analysis reveals the formation of well 
distributed cubic shape AgNp’s on the surface of rGO nanosheets. The rGONS-Ag nanocomposites 
modified glassy carbon electrode (GCE) shows the good electrochemical detection performance for  
ortho-Nitrophenol (o-NP) with the linear detection range from 2 mM to 8 mM and with the sensitivity of about  
0.221 mA mM-1 cm-2.

Keywords: Reduced graphene oxide nanosheets, Silver nanoparticles, o-Nitrophenol and 
Electrochemical sensor.

INTRODUCTION

	 Automation and urbanization have accumulated 
the amount of different pollutants in water and 
environment. This enlarged pollution builds innovative 
challenges for the protection of water property 
from the consequence of various anthropogenic 
actions1. Various technologies have been developed 
to determine the pollutants in environment and 
protect human health from chemicals. Among 

all the pollutants, Nitrophenol and its derivatives 
plays a crucial role in hazardous health defects. 
Nitrophenols are extensively used as intermediates 
in the manufacturing of pharmaceuticals, pesticides 
and dyestuffs, such as parathion insecticide2. Among 
all the nitrophenol derivatives, ortho-Nitrophenol 
(o-NP) is an important phenol derivative, which has 
expended powerful toxic effects on humans, animals, 
and plants. Based on the above described health 
defects, it is necessary to develop a new technique 
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Abstract
The different concentrations (0.002M, 0.004M, 0.006M, 0.008Mand 0.01M) of gold nanoparticles
encapsulatedβ-cyclodextrin functionalized reduced graphene oxide nanocomposites (rGONS/β-
CD/Au) synthesized viawet chemicalmethod is reported. The synthesized rGONS/β-CD/Au
nanocomposites are investigated using FTIR, XRD, SEM, EDS andTEManalysis. The FTIR spectra
reveal that the blue shift in the bandsmay be due to the intermolecular interaction between reduced
graphene oxide and cyclodextrin. FromXRDanalysis the average crystallite size is found to be around
10 nm,which is in good agreement with TEManalysis. The SEManalysis shows the spherical structure
of the gold nanoparticles. The glassy carbon electrode (GCE)modifiedwith the synthesized rGONS/
β-CD/Aunanocomposites of 0.006Mconcentration is employed for the sensitive detection of
different nitrophenols such as ortho-nitrophenol (o-NP), para-nitrophenol (p-NP) andmeta-
nitrophenol (m-NP) by using electrochemical techniques and the result displays awide detection
range for all the nitrophenol isomers.

1. Introduction

Electrochemical sensor is a versatile and inexpensivemethod for the detection of analytes from environment and
it is frequently used for the detection of wide range of harmful and biological compounds [1]. In electrochemical
sensing technology, the reduction and oxidationmechanismof the analytes are strongly depend on the
concentration of the nanocomposite used tomodify the electrode surface, electrolyte pH and scan rate [2, 3]. In
this chapter, the influence of gold nanoparticles concentration on themorphology, structural and
electrochemical properties ofβ-cyclodextrin functionalized reduced graphene oxide nanosheet is discussed. The
electrochemical sensing properties of the different concentrations of the rGONS/β-CD/Aunanocomposites
towards the detection of nitrophenol isomers are also discussed in aqueous electrolyte solutions. Nitrophenols
(NPs) are highly toxic organic compounds commonly used in themanufacturing of pesticides, dyes,
pharmaceuticals and explosives [4]. The nitrophenol isomers such as ortho nitrophenol (o-NP), para
nitrophenol (p-NP) andmeta-nitrophenol (m-NP) havemomentous toxic effects on human beings,mammals,
microorganisms and plants. Hence, the detection of nitrophenols is of extreme importance, since it is noticed as
pollution abatement [5].

2.Materials andmethods

The graphene oxide nanopowder (GO) is prepared by themodifiedHummer’smethod [6, 7]. Theβ-
cyclodextrinmolecules functionalized reduced graphene oxide (rGO/β-CD)nanosheets are synthesized by
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Abstract-Graphene has received considerable attention of all researchers employing globally in the area 
of materials science and technology. In this present work, Zinc oxide nanoparticles (GO-ZnO) anchored 
graphene oxide nancomposite is synthesized using chemical reduction method. The synthesized GO-ZnO 
nanocmopsites are subjected to FT-IR, XRD, SEM and EDAX techniques, in order to examine the 
functional, structural, morphological and elemental analysis. The X-ray diffraction analysis confirms the 
anchoring of well crystalline zinc oxide nanoparticles with the crystallite size of about 19 nm on the 
surface of graphene oxide. SEM analysis reveals the formation of spherical shape zinc oxide nanoparticles 
on the layered structured surface of graphene oxide. The enhanced electrochemical sensing property of 
the GO-ZnO nanocomposites is studied using cyclic voltammetry analysis. A glassy carbon electrode 
(GCE) modified with GO-ZnO nanocomposites (GO-ZnO/GCE) is fabricated for the rapid detection of o-
nitrophenol. Under the optimal conditions, the GO-ZnO/GCE modified electrode shows the reduction 
potential at -0.6 V for the concentration of 220 μM of o-Nitrophenol in PBS buffer solution. 

Keyword- Graphene oxide, Zinc oxide, o-Nitrophenol, SEM, Electrochemical sensor. 

Corresponding author: balavijayalakshmiroopa@gmail.com 

I. Introduction 

Phenols and their derivatives are protoplasmic toxins. They have a deadly effect on living organisms. 
Phenolic compounds can penetrate to the body via contact with the skin or mucous membranes or by ingestion. 
A high concentration of Phenolic compounds in human body can cause nervous system lesions. Hence it is 
necessary to determine the phenolic compounds in natural water and environment [1]. Among all the phenolic 
compounds, nitrophenols are found to be more toxic and poisonous to living beings.  Nitrophenol and their 
derivatives are extensively employed for the manufacturing of dyes, pesticides and pharmaceuticals, which are 
highly toxic to living organisms. o-Nitrophenol is a yellow crystalline solid and steam volatile. It is extremely 
toxic and has very serious effect on the growth and metabolic activity of the organisms and even contaminating 
the agricultural land [2]. During the past decades, several methods are developed for the detection of o-
nitrophenol, such as spectrophotometry [3], fluorescence [4], high-performance liquid chromatography [5], 
liquid chromatography with electrochemical detection [6], capillary zone electrophoresis [7] and 
electrochemical method. Among all these traditional methods, electrochemical methods have received 
considerable attention because they are simple, stable, less time-consuming and environmental-friendly [8].  

In this present work, zinc oxide nanoparticles anchored graphene oxide nanocomposite modified glassy 
carbon electrode is employed for the ultra-sensitive detection of o-Nitrophenol. Graphene is a single layer of sp2 
hybridized carbon atoms hexagonally arranged in a honey comb lattice [1]. Since its discovery, it has been used 
as an excellent electrode material due to its peculiar nanostructured properties such as large surface area to 
volume ratio, attractive charge transport properties, excellent elctrocatalytic activity and good thermal 
conductivity [9]. But, Graphene oxide modified GCE exhibits enhanced elctrocatalytic activity for some 
elctroactive species. Hence, it is necessary to modify the surface of graphene oxide using metal oxides. The ZnO 
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Decoration and Functionalization of Graphene Oxide 

Nanocomposites for Sensing Applications 
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Abstract 

In the present work, β-cyclodextrin functionalized reduced graphene oxide-silver nanocomposites (GO-β-CD-Ag) are effectively 
synthesized using wet chemical method. The GO-β-CD nanocomposites are initially produced via hydrazine reduction. The 
various concentrations (0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M) of silver nanoparticles are decorated on the GO-β-CD 
surface by the reduction of silver nitrate with sodium borohydrate as a reducing agent. The produced GO-β-CD-Ag 
nanocomposites are well characterized using XRD, SEM and EDAX analysis. The XRD results firmly established that the β-CD 
molecules are satisfactorily coated on the rGO surface and also the Ag nanoparticles with an average size of 23 nm are evenly 
decorated on the GO-β-CD surface. The GO-β-CD-Ag nanocomposites modified glassy carbon electrode is captivated for the 
selective detection of o-Nitrophenol. Cyclic voltammetry test is employed to determine the presence of o-Nitrophenol compound. 
The result shows the oxidation and reduction potential for o-Nitrophenol at -0.25 V and -0.5 V respectively, indicating the 
successful determination of o-Nitrophenol by using the GO-CD-Ag nanocomposite modified electrode. 
 
© 2019 Elsevier Ltd. All rights reserved. 
Peer-review under responsibility of the scientific committee of the International Conference on Advanced Materials for Technological 
Applications – ICAM 18. 

Keywords: Graphene oxide; cyclodextrin; metal oxides; o-Nitrophenol 

1. Introduction 

Phenol compounds such as Phenol compounds such as nitrophenols are a type of arduous environmental 
toxic pollutants. These are widely used in the manufacturing of pesticides, dyes, and pharmaceuticals [1]. Most of 
the phenolic compunds can remain in the environment for a long period of time with extremely high toxicity and 
carcinogenicity, due to their bio-stability and accumulation [2].  
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