Nanoscale zero-valent silver and graphene oxide nanoparticles: facile
synthesis and characterization

Abstract

We herein report a direct and facile hydrothermal method for the
preparation of zero-valent silver nanoparticles using a mixture of
ascorbic acid/starch as a reducing agent. The average crystallite size of
the prepared Ag’ nanoparticles was ca. 46.7nm. The zero-valent silver
nano-products were characterized by using FT-IR, FE-SEM, and XRD
analyses. In addition, this work shows an improved synthesis of
graphene oxide nanoparticles. The average crystallite size of the
prepared graphene-oxide nanoparticles was ca. 6.0 nm. The graphene
oxide nanoparticles were also characterized by using FT-IR, FE-SEM,
and XRD analyses.
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Introduction

Recently, nanomaterials have been employed in a variety of
applications as a result of their sophisticated properties. These materials
are distinguished by their exceptional optical properties, small size,
unique electronic characteristics, and high reactivity in comparison to
bulk materials [1]. A variety of methods are employed to synthesize
nanoparticles, including combustion [2], co-precipitation [3], green [4],
plasma-enhanced chemical vapor deposition [5], hydrothermal [6],
microwave [7], sol-gel methods [8], and chemical reduction methods [9,
10]. The attention of scientists and engineers has been extensive due to
the unique properties of nanomaterials (1-100 nm materials), such as the
small size effect, surface effect, and quantum size effect [11-13].
Nanomaterials possess extraordinary fundamental functions, including
high sensitivity, intriguing catalytic activities, and low-temperature
sensing, as a result of the small size effect [14]. They possess a high
reaction efficiency and a robust adsorption capacity as a result of the
surface effect [15]. The quantum size effect has the potential to imbue
nanomaterials with exceptional optical and electronic properties [16]. In



the past few decades, a variety of nanomaterials (e.g., nanoparticles,
nanowires, nanosheets, nanotubes, nanomembranes, and quantum dots)
have garnered significant attention in a variety of fields, including
biomedicine, catalysis, energy storage, and sensors, as a result of their
distinctive physicochemical properties with respect to their bulk forms
[17, 18]. Silver nanoparticles (AgNPs) have received special attention,
especially in the field of biomedicine. The broad-spectrum and highly
efficacious antimicrobial and anticancer activities of AgNPs are well-
known [19]. The hydrothermal method, one of the most critical methods
for the production of nanomaterials, has synthesized silver nanoparticles
(AgNPs). This method is notable for its ability to produce nanoparticles
with narrow size distributions, crystal symmetry, densely sintered
powders, and the growth of crystals with ultra-low solubility, all of
which are achieved with the use of simple equipment [20]. Carbon is one
of the most prevalent elements, which is why carbon materials are more
environmentally and biologically favorable than inorganic materials
[21]. Carbon nanomaterials, including graphene oxide (GO), are
composed of a diverse array of reactive hydroxyl, epoxy, and carboxyl
functional groups of oxygen [22]. The thermal and optical properties of
GO are exceptional in comparison to those of graphene. The unique
characteristics of graphene oxide (GO) include its ability to disperse
easily in water and other solvents as a result of the oxy-functionalities of
GO [23-25], its non-cytotoxicity, its adaptable surface, and its low
manufacturing costs. Additionally, it possesses effective electron transfer
properties that render it a potent fluorescence quencher, making it a
valuable new type of nanomaterial for use in biosensors [26, 27]. GO is
synthesized from graphite flakes through an oxidative reaction, which
results in the sheets being extensively decorated with a variety of oxygen
moieties. The modified Hummers method (MHM) [29] and the
Hummers method (HM) [28] are the most frequently employed methods
for synthesizing graphene oxide. The Hummers method has been
modified to be either a one-step or two-step process. By Chen et al. [30],
the one-step modified Hummer’s method is developed. Also known as
the "Improved Hummers" method, this technique involves the oxidation
of graphite without the use of NaNOs;. In the two-step modified
Hummer’s method, the graphite material is initially oxidized by H>SOs,
K»S,0s, and P,Os. Hummers' method was then employed to oxidize the



pre-oxidized graphite. "Improved synthesis" of GO was the name of the
new method that Tour and colleagues [31] developed. They employed a
9:1 weight ratio of KMnO4 in a mixture of H,SOs, and H3;PO,4. In
addition, Xu et al. [32] devised an additional approach by decreasing the
ratio of KMnOy to graphite from 3:1 to 1:1. “Mild oxidation” is the term
used to describe this method. In the current study, we sought to
synthesize silver nanoparticles through hydrothermal synthesis and GO
through an enhanced GO synthesis method. Different instruments,
including XRD, FT-IR, and FESEM, were used to thoroughly
characterize the synthesized nanoparticles.

Expermintal
Chemicals and reagents

Sigma Aldrich provided us with silver nitrate (AgNOs), ascorbic acid
(CeHgOg), starch (C¢H;0Os), natural graphite, sulphuric acid (H»>SOs),
phosphoric acid (H3;PO,), potassium per manganate (KMnO,), and
hydrogen peroxide (H,O,). We used distilled water to prepare all
solutions and for cleaning.

Instrumentation

For FT-IR analysis, the Nicolet™ iS50 FT-IR Spectrometer was used in
the range of 4000-400 cm ! at room temperature. Scanning Electron
Microscope (SEM) studies was performed on JEOL model JSM-6390
and X-Ray Diffraction (XRD) studies was performed SHIMADZU model
XRD-6000.

Synthesis of silver nanoparticales

The hydrothermal method produced silver nanoparticles (Ag-NPs) by
reducing 75 ml of a 0.05 M AgNOs; solution with an ascorbic acid/starch
mixture solution. In the experiment, the ascorbic acid:Ag molar ratio was
4, while the starch:Ag molar ratio was 0.3. We autoclaved the mélange at
120 °C. The total volume of the reaction mixture solution was 75 ml. We
autoclaved the mélange for four hours. After the autoclaving procedure,
we filtered the silver particles through Whatman No. 1 filter paper and
then dried them in an electric furnace at 120 °C for 22 hours. In
accordance with [33], silver is reduced in aqueous solutions by ascorbic
acid.

C6H8O6 + 2Ag+—> 2Ag0 + C6H6O6 + 2H*



Synthesis of graphene oxide

We poured a 9:1 mixture of concentrated H,SO4/H3PO4 (360:40 mL) into
a mixture of graphite powder (3 g) and KMnO, (18 g), which produced a
mild exotherm at 3540 °C. Then the reaction mixture was warmed to 50
°C and stirred for 6 hours. The mixture was cooled to room temperature
and poured onto ice (~400 mL) with 30% H»O, (3 mL) until the solution
turned yellow. We centrifuged the solution at 4000 rpm and removed the
supernatant. We then washed the remaining solid material in succession
with 200 mL of water, 200 mL of 30% HCI, and 200 mL. We centrifuged
the mixture at 4000 rpm after each wash and decanted away the
supernatant. We vacuum-dried the solid yield at 50 °C [31].
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Figure. 1. Structure of graphene oxide [34].

Characterization of silver nanoparticales
XRD pattern

Figure 2 illustrates the XRD patterns of Ag-NPs. As you look at the XRD
pattern, the peaks at 38.12, 44.31, 64.46, and 77.41 show the (111), (200),



(220), and (311) hkl parameters of the silver nanoparticles in the FCC
lattice. The synthesized Ag-NPs have an average crystallite size of 46.7

nm.
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Figure. 2. XRD Pattern of Ag-NPs
FESEM images

The FE-SEM images of the synthesized Ag-NPs were predominantly
spherical in shape (Fig. 3).



Figure. 3. FESEM images of Ag-NPs

Characterization of graphene oxide nanoparticles
XRD pattern

Figure 4 illustrates the XRD patterns of GO nanoparticles. The intense
peak at 20 of 10.48° in the case of graphene oxide is indicative of the
(001) plane, which is the primary characteristic of GO. This suggests that
the "improved synthesis" method of GO is effectively used to prepare GO
with an average crystallite size of 6 nm through the oxidation of graphite.



Figure. 4. XRD Pattern of GO

FESEM images

We further evaluated the morphology of GO using FE-SEM. The
graphene oxide (GO) had a two-dimensional structure with a stratified
distribution that stacked together in a flocculent manner. The surface was
relatively flat (Fig. 5).
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Figure. 5. FE-SEM image of GO



FT-IR spectroscopy

FT-IR spectroscopy is a powerful tool that can be used to describe the
presence of different functional groups in graphene oxide, including
functional groups that contain oxygen. The FT-IR spectrum (Fig. 6)
confirmed the effective oxidation of the graphite. We identified certain
functional groups, including O-H, C-OH, COOH, and C-O [35, 36]. The
carboxyl O-H stretching mode is responsible for the broad peak in the IR
spectrum of GO, which is located between 3500 cm™ and 2500 cm™ . The
presence of absorbed water molecules and alcohol groups is the reason
for the absorption peaks that correspond to O-H stretching (a peak at
approximately 3400 cm™ ) that is superimposed on the OH stretch of
carboxylic acid. The asymmetric CH2 stretching of GO is responsible for
the IR peaks at 2927 cm™ , while the peak at 1600 cm™! is attributed to
C=C strains from the unoxidized graphitic domain. The peak at
approximately 1700 cm™ is attributed to the C=0O stretch of the carboxyl
group, while the peak at 1220 cm-1 corresponds to the C-OH stretch of
the alcohol group. The peak at 1020 cm™ is attributed to the C-O
stretching vibrations of the C-O-C.
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Figure. 6. FT-IR spectra of GO



Conclusion

We used the hydrothermal method to fabricate silver nanoparticles from
silver nitrate and starch as a surfactant. We employed the "improved
synthesis" method to fabricate GO from graphite. We characterized the
obtained nanoparticles using a variety of techniques, including x-ray
particle diffraction (XRD), Fourier transform infrared analysis (FTIR),
and field emission scanning electron microscopy (FE-SEM). We
determined the average crystallite size of Ag-NPs and GO to be 46.7 nm
and 6 nm, respectively. The spherical shape of the Ag-NPs in the FE-
SEM micrograph reveals the irregular sheet-like two-dimensional
structure of GO.
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