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The synthesis of graphene-based nanocomposites using wet chemical techniques entails a number of time-
consuming and laborious synthesis stages in addition to the use of potentially dangerous substances. The pre-
sent article provides a novel approach to green and in-situ synthesis that employs no hazardous chemicals and
synthesizes graphene and silver nanoparticles (Ag NPs) nanocomposite from the tea tree oil and silver nitrate
(AgNO3) vapours. The synthesis happens in a matter of seconds in microwave plasma at ambient conditions.
Images from the scanning and transmission electron microscopy revealed that graphene nanosheets act as the
most favoured sites for the Ag NPs to anchor and form a nanocomposite. The investigations revealed a correlation
between the concentration of AgNOs in the precursor and the size and aggregation of Ag NPs. The results of X-ray
photoelectron spectroscopy demonstrated a negative shifting of the Ag-doublet, which suggested a strong
interaction between Ag NPs and graphene. Additionally, the graphene-Ag nanocomposite drop-casted on screen-
printed electrode demonstrated good electrochemical sensing capability for methyl paraben, with a superior
linear range of 20 to 260 uM and a commendable limit of detection of 2.5 uM.

1. Introduction

A new class of hybrid materials i.e. graphene-based nanocomposites
offers significantly enhanced and multifarious properties. In this regard,
various graphene-based nanocomposites comprising different metal
oxides and nanoparticles have been developed [1]. The synergy of Ag
NPs and graphene nanosheets offered superior properties that have
applications in various fields such as catalysis, antimicrobial coatings,
sensors etc. [2-5]. Ag NPs composite with pristine graphene, graphene
oxide (GO), and reduced-graphene oxide (r-GO) are used in electro-
chemical sensors [6,7], catalysis [8], biomaterials [9], and chemical
detection processes [10]. This promising material, however, still needs
attention for its facile and sustainable synthesis.

The production of graphene-Ag nanocomposites has received
considerable research interest. Traditional wet chemical methods to
synthesize graphene-Ag nanocomposites entail two stages. First, GO is
synthesized using the Hummers method, and then it is converted to r-GO
or pristine graphene. The Hummers method comprises multiple steps
such as stirring, heating, purifying, and drying [8,11]. In the second
stage, the composite with Ag is created through another solution-based

chemical method, which involves reductants, oxidants, and surfactants
[10,12,13]. This two-stage traditional approach is time-consuming and
includes the use of hazardous chemicals, which are not only toxic to the
environment but also difficult to remove from the nanocomposite. Some
of the reductants and surfactants persist as pollutants within the nano-
composite, further affecting the inherent antibacterial activity of the Ag
nanoparticles [14]. The use of hazardous compounds at several subse-
quent phases and laborious synthesis processes are still not addressed,
despite attempts by some researchers to investigate green-reducing
agents [6,9,15-17].

After successfully implementing microwave plasma for the synthesis
of graphene and its derivatives [18-21], researchers began exploring its
application in the synthesis of graphene-based nanocomposites. In early
studies, as cited [8,22], microwave plasma was utilized to assemble
graphene and Ag NPs. In those studies, graphene was synthesized using a
wet chemical method that involved the use of strong acids. However,
recent advancements have expanded the capabilities of microwave
plasma, enabling the synthesis of both graphene and metal nanoparticles
simultaneously. For this purpose, a single precursor which contains
carbon and metal, for instance, titanium isopropoxide (Cj2H2g04Ti) is
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used to synthesize TiOs-graphene nanocomposite in a single-step [23].
Unfortunately, the requirement of this unique combination of both el-
ements in the same precursor limits the scope of the method to very few
nanocomposites. In addition, the technique produces the nano-
composite, which has a fixed amount of metal in the product.

Lately, Jo et al. [24] presented the idea of mixing a metal salt into
ethanol and decomposing them in the atmospheric pressure microwave
plasma to synthesize Pt-graphene nanocomposite. This approach
broadens the choice of metal nanoparticles and gives the freedom to
experiment with the proportion of metal and graphene in the nano-
composite. However, not all metal salts fulfil the requirement of the
good solubility of metal salt in ethanol. On the other hand, the usage of
ethanol vapours above a certain level increases the chances of the
plasma undergoing extinction, thereby affecting the overall production
rate of the graphene [25]. Dias et al. [18] successfully demonstrated the
synthesis of N-graphene-manganese-Oxide/sulphide nanocomposite
using microwave plasma. However, the usage of toxic sources, specif-
ically methane/methylamine, in the synthesis raises concerns regarding
safety and environmental impact.

There is a high demand for the rapid synthesis of graphene-based
nanocomposite using green and sustainable precursors. Herein, we
report a facile, dry, and sustainable approach to synthesizing the
graphene-Ag nanocomposites using atmospheric pressure microwave
plasma (APMP). The APMP method comprises two stages. In the first
stage, the graphene is synthesized from a natural source, i.e. tea tree
extract, and in the second step, Ag NPs are produced over graphene from
AgNOj3 vapours. The reasons why APMP is a ground-breaking approach
that outperforms all other traditional synthesis methods include: (i) the
advantage of reduced synthesis time. Both the graphene and the Ag NPs
can be fabricated within just a fraction of a second. (ii) The post-
synthesis formalities of washing, drying, etc. are not necessary with
this process, nor are any chemicals. Table S1 presents a comparative
analysis of the APMP with the previously used methodologies. The
APMP offers to use sustainable precursors in milder conditions of plasma
(low microwave power, ambient conditions) ensuring that the process is
eco-friendly and energy saving. This report also presented the applica-
tion of as-synthesized graphene-Ag nanocomposite for the detection of
methyl paraben (MP), which is an endocrine disruptor chemical.

2. Materials and method
2.1. Raw materials

The essential oil of melaleuca alternifolia, commonly known as tea
tree was purchased from Australian Botanical Products (ABP, Victoria,
Australia). Silver nitrate (AgNOs3) and methyl paraben (MP) were pro-
cured from Sigma Aldrich, Australia. Lastly, ultrapure water was used to
make the solutions.

2.2. Instrumentations

Confocal laser Raman spectroscopy (Witec, 532 nm laser), scanning
electron microscopy (SEM) (Hitachi SU 5000), and x-ray photoelectron
spectroscopy (XPS) (Kratos Axis Ultra XPS with an Al Ka x-ray source)
were used to investigate the structure, morphology, and elemental
analysis. X-ray diffraction (XRD) (Bruker, D8-Advance X-ray diffrac-
tometer, Cu Ko, A = 0.154 nm) was used for crystallographic informa-
tion. A transmission electron microscope (Hitachi HF5000) was used for
transmission electron microscopy (TEM) images. Optical emission
spectroscopy was recorded using Avantes equipment.

Electrochemical experimentations were carried out on a PalmSens 4
(Palm Instruments BV, Netherlands) potentiostat. Screen-printed elec-
trodes (SPE) were also purchased from Palm Instruments BV,
Netherlands.
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Fig. 1. Schematic illustration of the synthesis of graphene-Ag nanocomposite in
atmospheric pressure microwave plasma.

Table 1
Details of synthesis conditions of graphene-Ag nanocomposite.

Factors Synthesis of graphene Synthesis of Ag NPs
Precursor Tea tree essential oil AgNO3

(0.05 M, 0.10 M, 0.15 M)
Microwave power 250 W 300 W
Argon flow rate 2.5 slm 2.5 slm
Precursor residence time Few seconds Few seconds
Synthesis duration 15 min 7 min

2.3. Synthesis of graphene-Ag nanocomposite

Fig. 1 illustrates the synthesis scheme of the graphene-Ag nano-
composite using the APMP. The plasma system composed of a micro-
wave power supply (2.45 GHz), a tuner, a reaction tube made of quartz,
and an ultrasonic vaporizer has been used for the experiment. A
vaporizer was used to deliver the AgNOs into the reaction tube as a gas
phase, whereas, oil vapours were sent by passing the argon gas through
the container carrying tea tree oil.

Table 1 presents the operating condition used for the synthesis. Three
different samples, synthesized from different concentrations of AgNOsg i.
e. 0.05 M, 0.10 M, and 0.15 M, named 0.05 M graphene-Ag, 0.10 M
graphene-Ag, and 0.15 M graphene-Ag were prepared. The synthesis
was carried out in two stages. At first, graphene was synthesized on the
walls of the quartz tube for 15 min by adding the tea tree oil vapours.
After that, the oil supply was stopped and AgNO3 vapours were released
for 7 min by switching on the vaporizer. The formation of graphene-Ag
nanocomposite (~0.74 mg/min) happened on the walls of the quartz
tube. The process has a limitation of non-continuous production due to
the single line of precursor supply. Modifying the system to have the
ability to provide supplies for both precursors at the same time could
enable a continuous production system. As-synthesized graphene-Ag
nanocomposite was also collected on Si substrate for evaluation.

2.4. Analytical methods

A disposable screen-printed electrode (SPE) consisting of working,
reference, and counter electrodes was used for the electrochemical
study. The working electrode (diameter of 3 mm) was modified by drop-
casting 5 uL of graphene-Ag nanocomposite followed by drying under
room temperature conditions. The modification solution consisted of 1
mg/mL of graphene-Ag nanocomposite in ethanol. The stock solution of
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Fig. 2. (a) Raman spectra of graphene-Ag nanocomposites (b) Ip/Ig of graphene-Ag nanocomposites synthesized at different concentrations of AgNO3;

methyl paraben (MP) was prepared in methanol. Cyclic voltammetry
and differential pulse voltammetry were used for electrochemical in-
vestigations. River water that was gathered from Ross River, Townsville,
Australia, was used for real application. Before the experimentation, the
river water was treated according to the procedure reported previously
[26]. Concisely, the river water was first filtered through a 0.45 um filter
membrane, before it was diluted with 0.1 M PBS (pH 7.01) at a ratio of
1:9. Its pH was reassessed after dilution.

3. Results and discussions

The following results and discussion section provide an in-depth
analysis of the characterizations of graphene-Ag nanocomposite. For
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the characterization of pristine graphene, we recommend referring to a
previous study [27] on the synthesis of graphene from tea tree extract.
The study provides valuable insights into the properties and character-
ization techniques relevant to pristine graphene.

3.1. Morphology and structural analysis of graphene-Ag nanocomposite

The Raman spectra of the graphene-Ag nanocomposite samples
synthesized at different concentrations of AgNOs are given in Fig. 2a.
The nanocomposites at all concentrations showed prominent D and G
peaks along with a signature peak of 2D related to graphene-based
materials [28,29].The peak D represents the A;q vibration of the Gg as-
sembly of atoms appearing after the defects and disorders in the

o
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Fig. 3. SEM images of graphene and graphene-Ag nanocomposites synthesized from different concentrations of AgNOs3,
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Fig. 4. XRD pattern of 0.10 M graphene-Ag nanocomposite.

structure [30,31]. Additionally, it is also related to the functional groups
and doping in the graphene [32,33]. The G peak is attributed to the Epg
vibrational mode of sp? carbon [34]. The 2D band is the second order of
zone-boundary phonons [35].

Each of the three concentrations had distinct D peaks. This is
attributed to the oxygen functional groups found in the graphene’s basal
plane, which were further validated by XPS. Moreover, Ag NPs might
also contribute to these intense D peaks. The degree of imperfection in
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graphene structure is usually determined by the intensity ratio of the D
and G bands [36]. Fig. 2b presents the graph between intensity ratios
(Ip/Ig) vs different concentrations of AgNO3. Although negligible dif-
ferences are found in the values of Ip/Ig, a slight increase with the in-
crease of AgNO3 concentration was found. The number of layers in the
graphitic structure may be estimated using full width half maximum
(FWHM) along with I5p/Ig [37]. The samples displayed nearly the same
FWHM and Iop/Ig values i.e. ~ 59 cm ™! and ~ 1.04 respectively. These
values are indicative of a few layers of graphene, which has been
confirmed through the TEM analysis discussed in the later section.

The structure and morphology of graphene-Ag nanocomposites were
investigated using SEM. The SEM images are given in Fig. 3 and Fig. S1
at lower magnification. The images of the samples on Si-substrates
showed isolated nanoislands that were amalgamated in a disordered
manner. The graphene displayed wrinkled sheet-like morphology
similar to that of in the previous reports [38,39]. SEM pictures also show
the Ag NPs in close proximity to the graphene nanosheets. The Ag NPs
were randomly distributed on the surface of the graphene nanosheets. It
appeared that the overall quantity and size of the Ag NPs were affected
by the concentration of AgNOs in the feeding solution. At 0.05 M con-
centration of AgNOs, the produced amount of Ag NPs was minimal. The
0.10 M concentration of Ag NO3 showed increased content of the Ag NPs
with the varying sizes of the particles. Also, the accumulation of Ag NPs
can be observed in the 0.10 M AgNO3; SEM image. However, increased
aggregation and the average size of the Ag NPs was observed in case of
the 0.15 M graphene-Ag sample. Similar observations have been re-
ported by Yuan et al. [9]. They found that the size and shape of Ag NPs
were affected by the varied concentration of AgNO3 precursor.

The 0.10 M graphene-Ag nanocomposite samples were characterized
by XRD. The XRD analysis was performed to investigate the crystalline
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Fig. 5. XPS of (a) 0.10 M graphene-Ag nanocomposite and (b) Ag 3d, High-resolution spectra of (c) Cls and (d) O1ls.
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Fig. 6. TEM images of 0.10 M graphene-Ag nanocomposite at (a) lower and (b) higher magnification (¢) TEM image of carbon nano-onion (d) SAED pattern of 0.10
M graphene-Ag nanocomposite. Inset in the image (a) represents the corresponding particle size distribution.

nature of the material. The XRD pattern given in Fig. 4 exhibited four
peaks. The characteristic peak of graphene (magnified in the inset
image) can be observed at a 20 value of 25.8° corresponding to the
(002) plane [40]. The interlayer spacing of 0.34 nm, calculated through
Bragg’s law, roughly matches the value of the same in TEM results. The
distinctive peaks at 38.14°, 44.36°, and 64.5° corresponding to (111),
(200), and (220) planes respectively, are ascribed to the crystalline
planes of Ag NPs [3].

The 0.10 M graphene-Ag nanocomposite sample was subjected to
XPS analysis in order to reveal the elemental composition and functional
group species. The survey scan XPS of pristine graphene presented in
Fig. S2 showed the presence of carbon (C) and oxygen (O); whereas the
XPS of 0.10 M graphene-Ag nanocomposite in Fig. 5a revealed silver
(Ag) beside the C and O, centred at 284.2, 531.5, and 370 eV respec-
tively. The compositions of the C, O, and Ag elements were found as ~
86, ~8, and 6 % respectively. High-resolution spectra of Cls, Ols, and
Ag were also analysed to investigate the bonding structure.

Cls high-resolution spectrum was deconvoluted into its respective
peaks. It is given in Fig. 5c. The deconvolution discovered four
component peaks. The main C = C peak related to sp>-C which appeared
at 248.4 eV, is a signature of graphene material. In addition, the struc-
ture contained C-C (spS-C), C = 0, and C-OH located at 285.1, 286.3,
and 289.1 eV respectively. The presence of sp>-C is indicative of the
honeycomb lattice structure of graphene. Whereas, the sp>-C peak was
attributed to the edges of the graphene or the substitutional defects in
the structure [41]. The Ols, given in Fig. 5d demonstrated contributions
from C = O and C-OH peaks at 531 and 532 eV respectively.

A magnified image of the XPS of the Ag 3d in Fig. 5b revealed the

doublet of the Ag NPs. Ag 3ds,2 and Ag 3ds, were allocated to the peaks
with centres at 367.9 and 374 eV, respectively. When compared to the
typical peaks for Ag metal at 368.2 and 374.2 eV, these peaks are located
at lower binding energies [42]. Similar findings were made in earlier
research, where the negative shifting was attributed to the transport of
electrons from metallic Ag to the graphene sheets as well as an inter-
action between the Ag and the carboxylic groups (C = O) in the gra-
phene structure [8,43].

Additionally, TEM was used to characterize the 0.10 M graphene-Ag
nanocomposite. A low-resolution TEM image shown in Fig. 6a displays
graphene nanosheets well-loaded with Ag NPs. The graphene is made up
of a few to several layers of folded and wrinkled sheets. The interlayer
gap of 0.35 nm was observed, and this value almost matches the one
determined by employing XRD. An interesting feature of carbon nano-
onion shown in Fig. 6¢, was also observed in the TEM images. The
carbon nano-onions are pentagonal or quasi-spherical-shaped concen-
tric graphitic layers. These are regarded as a precursor to graphene [44].

Heterogeneous distribution of Ag NPs on graphene nanosheets has
been observed in Fig. 6a. The Ag NPs are spherical and have varying
sizes ranging between a few nanometres to 60 nm. The size distribution
histogram of Ag NPs is acquired by measuring the sizes of 84 randomly
selected particles from the corresponding TEM image shown in Fig. 6a.
The analysis reveals that the mean size of the Ag NPs is approximately 8
nm. This information is depicted in the inset of Fig. 6a. A high-resolution
image in Fig. 6b shows that most of the Ag NPs are well embedded with
the graphene nanosheets. A magnified inset image in Fig. 6b displays the
implantation of the Ag nanoparticle into graphene. This finding shows
that graphene is a preferred location for Ag NPs to accumulate and form
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Fig. 7. OES spectra of (a) pure Ar (b) Ar with tea tree oil vapours and (c) Ar with 0.1 M AgNO3 vapours.

a robust connection. This phenomenon also advocates the shifting of the
Ag doublet to lower binding energies (XPS Fig. 5b), where it was
attributed to the electron transfer from Ag to graphene and/or interac-
tion between the Ag and the carboxylic groups (C = O) in the graphene
structure. The large and thick dark nanoparticles are due to the aggre-
gation of smaller Ag NPs. The particle size and aggregation are more in
the 0.15 M AgNO3 sample due to the higher concentration of AgNO3 in
the solution. It is shown in Fig. S3. The SAED pattern presented in Fig. 6d
demonstrates the characteristic rings for the (111), (200), and (220)
planes of the face-centred cubic Ag structure.

3.2. Optical emission spectroscopy measurements

Optical emission spectroscopy (OES) was used to determine the light-
emitting species by pointing the optical fibre to the plasma through a
viewing window. The images of the plasma and OES spectrums were
recorded by using three distinct states of plasma, i.e. pure Ar plasma
(Fig. 7a), Ar plasma with tea tree oil vapours (Fig. 7b), and Ar plasma
with 0.1 M AgNOs vapours (Fig. 7c). The images of the plasma dis-
playing unique colours are given in the insets of respective figures. The
pure Ar plasma, generated at 250 W microwave power, mainly consisted
of colourless strikes with some shades of sea green colour. Atomic Ar and
nitrogen (N) dominated the OES spectra. The atmospheric circum-
stances of the synthesis were responsible for the presence of N and a
little amount of oxygen (O) in the plasma. A low-intensity peak of carbon
monoxide (CO) at a lower wavelength was also observed in the spec-
trum. The primary components of the OES spectra of pure Ar plasma

measured by Melero et al. [45] at 300 W microwave power and atmo-
spheric conditions were also Ar and N. However, contrary to our ob-
servations, they pointed out that most N exists as molecules bound to O,
C, and H. This dissimilarity can be attributed to the different amounts of
the elements present in the precursors used for the synthesis.

The tea tree oil vapours in the Ar plasma (operated at 250 W mi-
crowave power) showed an orange colour appearing in some parts of the
plasma. The orange colour provide evidence of the occurrence of
decomposition of oil vapours and graphene formation in the plasma.
Despite using tea tree to form graphene, the species created were com-
parable to those described in the prior research on the OES spectrum
where they used ethanol for this purpose [38]. The OES spectrum
showed a significant contribution of C in atomic as well as molecular
form. The carbon peaks mainly appeared at lower wavelengths ranging
between 248 and 720 nm. The dominant species in the spectrum is Co,
which was formerly thought to be a precursor in the creation of gra-
phene. Its existence in the spectrum is viewed as evidence that graphene
was formed because of it [46,47]. In comparison with pure Ar plasma,
the decline in peak intensities of Ar and N emissions was observed. It has
been previously reported that the drop in the intensity happens due to
the consumption of part of the supplied energy in the dissociation of
precursor i.e. oil vapours [45].

In the case of Ar plasma with 0.1 M AgNOg3 vapours (operated at 300
W), two strong bands of Ag near 300 nm wavelength can be observed.
Other bands i.e. N and Ar have drastically descended. It suggests that the
environment of the plasma was considerably different from pure Ar or
Ar with oil vapours plasma. The image of the plasma shown in the inset
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of Fig. 7c also showed comparatively different colours and mainly
consisted of golden and purple colours. Since the AgNOg solution was
made using distilled water, there are many water molecules in the va-
pors that were supplied into the tube. These vapours produced the OH
peak at ~ 308 nm in the OES spectrum. The observation of the Ag peaks
were in good accord with the previous findings, although they also
found additional peaks of atomic Ag at longer wavelengths (850 nm)
[48]. However, their method of synthesis seems to be distinct in that
they employed Ag electrodes to create Ag NPs rather than vapours to
make them.

3.3. Electrochemical detection of methyl paraben

Cyclic voltammetry (CV) is a very useful electrochemical practice for
investigating redox reactions at the interface of solution and electrode.
The cyclic voltammetry (CV) technique was used to investigate the
electrochemical behaviour of MP at the bare SPE, graphene/SPE, and
graphene-Ag nanocomposite/SPE. The bare SPE, scanned in 0.1 M PBS
(pH 7.01) containing 10 uM MP, showed an oxidation peak around 0.64
V with a peak current of a small value of 0.1 pA (Fig. 8). The graphene/
SPE showed an enhanced peak current value of ~ 0.5 pA, which
increased to ~ 1.4 pA in the case of graphene-Ag nanocomposite/SPE.

Applied Surface Science 638 (2023) 158006

They are shown in Fig. 8. Due to the irreversible nature of the process
[49,50], no reduction peaks were observed.

Differential pulse voltammetry (DPV) was used to obtain the linear
range of the calibration curve at the graphene-Ag nanocomposite/SPE
sensor. The successive addition of MP into the solution showed an
increased oxidation peak current. The voltammograms are presented in
Fig. 9a. The measured peak currents were plotted against the concen-
tration of MP to find the calibration curve. As displayed in Fig. 9b, the
peak currents were linear in the range from 20 to 260 uM, where the
linear regression equation is y = 0.03385x + 6.0757 (R% = 0.995). The
increase in concentration beyond 260 uM showed only a slight rise in
peak current, which resulted in the deviation of the curve from linearity.
The limit of detection (LOD) of 2.5 uM was determined by identifying
the smallest amount the sensor can detect. Table 2 shows a comparative
overview of our results with the past works. It can be noted that the
proposed sensor showed wide linear range and commendable LOD.

3.3.1. Repeatability, reproducibility, and stability of the sensor

The repeatability study, which is an important analytical perfor-
mance, was investigated using one modified graphene-Ag nano-
composite/SPE electrode for five consecutive measurements. The peak
current values are shown in Fig. 10a. The relative standard deviation
(RSD) was calculated as 3.98 %. The recorded DPV curves are given in
Fig. S4. The reproducibility of the electrode was investigated by pre-
paring five different graphene-Ag nanocomposite/SPE electrodes. The
peak current values against electrode number are presented in Fig. 10b.
The obtained DPV curves displayed in Fig. S5 gave an RSD of 5.13 %
which was comparable with the value given in the literature [53].
Furthermore, the stability test was conducted by storing graphene-Ag

Table 2
Comparison of electrochemical performance of sensor for methyl paraben
detection.

Current (pA)

0.4 0.5 0.I 6 0.7
Potential (V)

Electrode Method  Linear range  Limit of detection  References
(uM) (uM)
AuNP/RGO/CS/ SWvV 0.03—1.3 0.0138 [51]
GCE
RGO/RuNPs/GCE DPV 0.5—3 0.24 [52]
PoL/RGO/GCE DPV 1—200 0.2 [53]
ZnO/GCE SWvV 20—120 7.25 [54]
MWCNTs/LB/GCE LSV 1—80 0.4 [55]
MWCNTs/Hb/CPE DPV 0.1—13 0.025 [56]
Au/(MNP/Ppy)s DPV 0.0—131.4 0.09 [57]
graphene-Ag/SPE DPV 20—260 2.5 This work
144 b y = 0.03385x + 6.0757 0
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Fig. 10. (a) Repeatability study of one graphene-Ag nanocomposite/SPE in 0.1 M PBS containing 20 uM MP. (b) Reproducibility study of five graphene-Ag

nanocomposite/SPEs in 0.1 M PBS containing 20 uM MP.

nanocomposite/SPE electrode in a closed container for two weeks,
which indicated that the current response retained 95 % of the initial
value. The corresponding DPV curves are shown in Fig. S6.

3.3.2. Selectivity of the sensor

The selectivity of graphene-Ag nanocomposite towards MP with
interferents (oxalic acid, sodium nitrate, sodium nitrite, diuron and
paraquat) was investigated. These interferents were chosen due to their
potential coexistence in real samples. For this purpose, a mixture of MP
and its interferents (20 uM each) was prepared in 0.1 M PBS (pH 7.01).
The DPV curves of MP and its mixture with interferents are shown in
Fig. S7. It was evident that the interferents had no impact on the MP
signal. The sensor retained its remarkable MP selectivity even in the
replicates.

3.3.3. Real sample analysis

The applicability of graphene-Ag nanocomposite/SPE for the anal-
ysis of real samples was demonstrated by investigating the recoveries for
the MP determination in river water. As shown in Fig. S6, upon the
addition of 20 uM MP in river water, a prominent current response was
observed. Whereas, the blank river water displayed no current peak. The
corresponding DPV curves are shown in Fig. S8. The recovery value of
93 % makes the proposed sensor suitable for real application. In com-
parison with 0.1 M PBS (pH 7) containing 20 uM MP, the peak potential
in river water slightly shifted from 0.55 V to a lower potential of 0.54 V.
It can be attributed to the lower pH noted for river water i.e. 6.92.

4. Conclusion

A rapid and environmentally benign approach for synthesizing
graphene-Ag nanocomposite was reported in this work. The nano-
composite was synthesized inside the atmospheric pressure microwave
plasma by virtue of tea tree extract and AgNO3 vapour dissociation. The
formation of the nanocomposite was confirmed by XRD, which showed
signature peaks related to the graphene and Ag materials. The OES
spectrum recorded during the synthesis of pristine graphene showed
atomic and molecular bands of C, particularly C, which were deemed as
the precursor for graphene synthesis. Whereas, the OES spectrum of pure
Ar plasma, and Ar with AgNO3 vapours were mainly dominated by Ar
and N, and Ag species respectively. A strong interaction between gra-
phene and Ag NPs was depicted in XPS spectrum, which showed a slight
shift of Ag-doublet (Ag 3ds,» and Ag 3ds,2) towards lower binding en-
ergies. The TEM images also revealed good embedment of Ag NPs with
the graphene nanosheets. Interestingly, the concentration of AgNO3

played a pivotal role in the determination of the size and aggregation of
Ag NPs. Based on the results observed in this work, the AgNO3 con-
centration of 0.1 M was proposed as an optimum value for well-
dispersed and nano-size Ag NPs. They are imperative for high electro-
catalytic activity of graphene. The usage of graphene-Ag nanocomposite
in the electrochemical detection of harmful methyl paraben showed a
limit of detection of 2.5 uM and a linear range of 20 to 260 uM, which are
superior to some of the results reported earlier.
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